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In  the  present  work,  which  was  undertaken  as  part  of  a  plan  for  the  systematic  study  of  the  heats  of  solu¬ 
tion  of  the  pcrchli'ratcs  of  metals  of  group  IV  of  D.  I.  Mendeleev's  periodic  system  fl],  we  investigated  copper 
pcff  liloraic  hexahydiatc.  The  wi  rk  was  carried  out  over  a  wide  range  of  concentrations,  from  very  dilute  up  to 
saturated  solutions,  in  order  to  obtain  information  that  lias  been  lacking  up  to  this  time  on  tlic  thermodynamic 
properties  of  solutions  with  a  high  content  of  the  salt.  Furthermore,  special  attention  was  given  to  the  influence 
exerted  on  the  heat  of  solution  by  an  excess  of  perchloric*  acid.  • 

EXPERIMENTAL 

The  investigation  of  the  heats  of  solution  of  CufC  104)7*61120  in  water  and  in  aqueous  solutions  of  per¬ 
chloric  acid  was  carried  out  with  the  aid  of  a  microcalorimetcr  working  on  the  dilatometric  principle  [1]  at 
25  i  n.orc.  The  capillaries  of  the  calorimeter  were  standardized  with  respect  to  the  heat  of  solution  of  KCl  in 
water,  which  is  4191  ±  3  cal  at  25°C.  The  average  values  obtained  for  one  scale  division  were  0,0503  i  0.0006 
cal  with  a  relative  error  of  l.C'’/"  for  the  first  capillary,  and  0.1903  ±  0.0004  cal  with  a  relative  error  of  0.3%  for 
the  second  capillary.  The  cop|x?r  perchlorate  hexahydrate  v/as  prepared  by  dissolving  coppt^r  acetate  (pure)  in 
107'’ perchloric  acid  (analytically  pure).  The  compound  obtained  was  recrystaliized  three  times.  The  copper 
perchlorate  hexahydrate  was  isolated  in  the  form  of  fine,  blue,  hygroscopic  crystals  that  deliqiiesccd  in  the  air, 
and  the  drying,  storage,  and  all  of  the  work  with  the  compound  were  therefore  carried  out  in  a  manipulator  over 
concentrated  sulfuric  acid. 

Tlie  compound  was  analyzed  for  Cu  and  CIO4  content.  The  copper  content  was  determined  by  titration 
with  Trilon  B  with  nnirexide  as  the  indicator.  The  accuracy  of  the  analysis  was  0.05%.  The  determination  of  the 
0104'  was  made  by  reduction  of  the  0104"  ion  to  Cl’  and  further  determination  of  the  Cl'  ion  by  Mohr's  method. 
The  error  of  the  analysis  was  0.02-0.037o. 

For  the  determination  of  the  heats  of  solution  we  used  a  sample  for  which  the  analytical  data  for  the 
cation  and  anion  coincided  with  the  theoretical  values  (within  the  limits  of  error  of  the  analysis),  i.  e.,  the  com¬ 
pound  corresponded  to  the  composition  Cu(CI04)  2*6H20.  , 

The  experimental  values  found  for  the  heats  of  solution  of  Cu(C104)  2*6H20  in  water  are  given  in  Table 
1  and  Fig,  1, 

The  heats  of  solution  of  Cu(C104)  2*611  jO  in  aqueous  solutions  of  perchloric  acid  were  determined  for 
dilutions  of  1;50  ,  1:100,  1:200,  and  1:50(1.  In  the  experiments  G6.6'/n  perchloric  acid  was  used,  which  was  first 
distilled  in  vacuum.  Aqueous  solutions  of  perchloric  acid  of  the  following  concentrations  were  prepared:  0,1, 

0,5.  1.0,  2.0,  5.0,  and  10.0  N. 

A  weighed  sam.plc  of  the  copper  perchlorate  hexahydrate  was  dissolved  in  such  a  quantity  of  perchlori'* 
acid  of  the  given  concentration  that  a  solution  of  the  salt  of  the  necessary  concentration  was  obtained. 
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TABLE  1.  Heats  of  Solution  of  CuiClO^)  Water 


The  value  of  the  heats  of  solution 


Dilution 

1 

AF^v(*Cal/mole^ 

Dilution 

AHav  (Cal/mole) 

1  : 200(1 

4.70  ±  0.20 

1  :  100 

5.05  ±  0.05 

1  ; 1000 

4.70  ±  0.10 

1  : 50 

5.04  ±  0.05 

1  :  700 

4.70  ±0.10 

1:25 

5.08  ±  0.05 

1  :  .5(K» 

4.73  ±  0.0.5 

1  ;  15 

5.41  ±  O.05 

1  : 4(K) 

4.7G  ±  0.05 

1  :  10 

5.01  ±  0.05 

1  :  :100 

4.03  ±  0.05 

1:8 

6.27  ±  0.05 

1  : 200 

5.(KI  ±  0.05 

1  : 6 

6.81  ±  0.05 

Note.  For  dilutions  1:2000-1:100  the  results  were  obtained  in 
the  microcalorimeter  with  capillary  No.  1:  for  dilutions  1:50- 
1:6  they  were  obtained  with  capillary  No.  2.  The  heats  of  solu' 
tion  for  dilutions  greater  than  1:25  were  determined  by  direct 
solution  of  a  weighed  sam.ple  of  the  salt  in  the  given  quantity 
of  water;  for  dilutions  less  than  1:25  the  copper  perchlorate 
hexahydrate  was  dissolved  not  in  water,  but  in  a  solution  of 
a  certain  concentration,  the  heat  of  formation  of  which  was 
known. 


Fig.  1.  Relation  of  heat  of  solution  of  Cu(C104)  2*6H20  in  water  to 
dilution. 


of  copper  perchlorate  hexahydrate  ui  p<_r- 
chloric  acid  solutions  obtained  experimental¬ 
ly  are  given  in  Table  2  and  in  Figs.  2-4. 

It  follows  from  the  data  in  Table  1 
and  Fig.  1  that  with  a  decrease  in  dilution 
the  endothermal  effect  of  solution  of  copper 
perchlorate  hexahydrate  increases  from  4.70 
to  6.81  Cal  'mole.  The  heat  of  solution  for 
a  dilution  of  1:700,  which  is  4.70  Cal  ^mole, 
can  be  taken  as  the  first  integral  of  the  heat 
of  solution  of  Cu(C104)  2*6H20  in  water  and 
is  in  agreement  with  the  value  indicated  in 
the  literature  [2]. 

for  the  solution  of  CufClO^)  2* 
•6H2O  in  water  varies  with  dilution  in  the 
same  way  as  in  the  case  of  the  hexahydrates 
of  the  perchlorates  of  Mg  ,  Zn  ,  Co  ,  and 
Ni  ,  i.  e.,  at  dilutions  of  1:25-1:30  a  dis¬ 
tinct  change  takes  place  in  the  course  of  the 
relationship  -^H^v  vs.  dilution.  Thus,  for 
Cu(C104)2  ■  6H20in  going  from  a  dilution  of 
1:25  to  1:15  the  endothermal  effect  of  solu¬ 
tion  increases  by  0.3  Cal/mole,  while  with 
a  decrease  in  dilution  by  almost  40  times, 
from  1:1000  to  1:25,  the  endothermal  effect 
increases  by  an  amount  of  the  same  order 
(by  0.4  Cal/mole).  The  heat  of  solution  of 
Cu  (C104)2*6H20  differs  considerably  in  its 
magnitude  from  those  ^f  the^exah^rates  of 
the  perchlorates  of  Mg  ,  Zn  ,  Co  ,  and 
Ni"^  [1]. 

It  is  known  that  Cu(C104)2*6H20  has 
a  different  structure  for  its  crystal  lattice 
(monoclinic  syngony)  than  the  hexahydrates 
of  the  perchlorates  of  the  cations  mentioned 
above  (hexagonal  syngony)  [3]. 


It  is  interesting  to  compare  the  magnitude  of  the  endothermal  effect  of  solution  (AH^  =  AH"-AH')  for 
Cu(C104)2  •  6H20  and  Me(C104)2  •  6H2O  (Me  =  Zn'*’’*’,  Co"*"^.  Ni++)  in  going  from  maximum  dilutions  (AH')  to  dilu¬ 
tions  close  to  saturated  solutions  (AH").  The  value  of  AH^  should  to  some  extent  characterize  the  different  degree 
of  reaction  of  the  given  cations  with  water  (Table  3). 

The  hexahydrates  of  the  perchlorates  can  be  arranged  according  to  the  magnitude  of  AH^  in  the  following 
series:  Zn++  >  Cu++  >  Co++  >  Ni++. 


The  heat  of  solution  of  copper  perchlorate  hexahexahydrate  in  0.1-10.0  N  solutions  of  perchloric  acid, 
like  that  in  v/ater,  is  endothermal  and  the  heats  of  solution  of  Cu(C104)2*6H20  in  water  and  in  0.1  N  HCIO4  solu¬ 
tion  have  the  same  values  (within  the  limits  of  error  of  the  experiments)  for  each  of  the  dilutions  mentioned 
(Curve  2,  Fig.  2).  Our  attention  is  attracted  by  the  fact  that  the  heat  effect  of  the  solution  of  Cu(C104)2*6H20 
in  0.5  N  HCIO4  solution  is  less  than  in  water  and  in  0.1  N  HCIO4  solution,  and  with  a  further  increase  in  concen¬ 
tration  of  the  acid  to  2.0  N  the  heat  effect  does  not  change  (Curve  1,  Fig.  2). 

The  values  given  pn  page  2076  can  be  accepted  for  the  heats  of  solution  of  Cu(C104)2  *  GH2O  in  0. 5-2.0  N 
solutions  of  perchloric  acid. 
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TABI.E  2.  Heats  of  Solution  of  Cn(C*n4)2*r)H20  in  Aqueous  Solutions  of  HCIO4 


AH  (Cal/;nole) 

Dilution 

concentration  of  HGIO4  (N) 

no 

0.1 

1.0  1  2.0  j  5.0 

'  10.0 

1  :  r,o 

5.0',  ±  0.05 

5.00  1  0.05 

4. SO  ±  0.05 

4 ..‘’2  4  0.(  l.5[4.S7  ro.n5k,SO ±  0.1 0 

1  :  KKI 

5.05  +  (*.05 

5.02  ±  0.05 

4.SS  0.05 

4.83  ±  0.05|4..S5  ±  0.05|6.7fi  ±  0.05 

10.70  ±0.03 

1  : 20(1 

5.00  !-  0.05 

l.O't  +  0.05 

4.74  +  0.05 

4.74  i-  0.05[4.7(i  f  0.05i0.n8  -t  0.05 

10.5  4  ±0.05 

1  :  r>0(  • 

',.7.3  :*  (».05 

4.70  1  0.05 

4.7.3  -1  0.05 

4.73  ±  0.0514.00  ±  0.05|6.21  ±  0.05 

10.16±a05 

Fig.  2.  Relationship  of  heat  of  solu¬ 
tion  of  Cu(C104)2*6H20  in  perchloric 
acid  to  dilution,  l)For  0.5- 2.0  N 
HCIO4;  2)  in  water  (a),  in  0,1  N 
HC104(b);  3)  in  5.0  N  HCIO4:  4)  in 
10.0  N  HCIO4. 


TABLE  .3.  Compariron  of  the  Magnitudes  of  the  Endothermal 
Effect  of  Solution  of  tiie  Hc  vahydrates  of  the  Perchlorates  of 
Different  Cations 


Meaning  of  Me 
in  salt 

Me(C  104)2  •eiljO 

^HaV 

(Oal/mole) 

a  1/mole) 

AH* 

Zn 

3.75 

1.40 

2.3.5 

(’o 

3.80 

1.93 

1.87 

Ni 

3.04 

2.00 

1.64 

Ou 

6.81 

4.70 

2.11 

6.W 

'o  6.3G 

"o 

;§  5.5^ 

^  5.50 
X 

^  5.10 

i.ro 


50  m  200  300  m  500 

Dilution 


Fig.  3.  Relationship  of  the  heat  of  solution  of  Cu(C104)2*FH20  in 
water  and  0,5 -2,0  N  perchloric  acid  to  dilution,  1)  In  water; 

2)  in  perchloric  acid. 
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I 


Dihirion 

Ir.SO 

1:100 

1:200 


(Cal/molc) 


As  in  tl)c  raso  of  tlio  solnrion  of  iho  hcNat'.y- 
4.8.')i0.05  dratc  in  water,  when  il  is  dissolved  in  -jqiicoiis  o..'i-2.0 

4.85*0.05  N  solutions  of  perchloric  acid  in  tlic  dilution  range 

4.74*0.05  1:50-1:100  the  heat  of  solution  docs  not  change  and 

it  decreases  on  going  to  a  dilution  of  1:200.  The 

decrease  in  endothcrmal  effect  of  solution  of  Cn(  CIO 4)2*6!  1,0  in  the  indicated  solutions  of  HCIO4  in  compari¬ 
son  with  solution  in  water  is  slight  and  averages  0.23  Cal/molc  for  dilutions  of  1:50,  1:100,  and  1:200. 


In  Fig.  3  the  relationship  of  All  (Cal/mole)  vs.  dilution  is  given  for  solution  of  Cu( CIO 4)2*61120  in  water 
and  in  0.5- 2.0  N  HCIO4  solution*.  In  the  region  of  dilutions  1;50-1:400  the  curve  for  the  acid  solutions  is  smooth¬ 
er  and  is  located  lower  than  in  the  absence  of  the  acid. 


It  is  interesting  to  note  that  at  a  dilution  of  1:500  there  was  practically  no  lowering  of  the  endothcrmal 
effect  of  solution  of  Cu(  C104)2*6H20  in  0. 1-2.0  N  solutions  of  HCIO4  observed. 

When  Cu(C104)2*6H20  was  dissolved  in  5.n  and  10.0  N  solutions  of  perchloric  acid,  a  considerable  increase 
in  the  endolhermal  effect  of  solution  was  observed  (Curves  3  and  4,  Fig.  2).  Wlicn  Cu( (2104)2*611261  was  dissolved 
in  10.0  N  HCIO4  solution  the  endothcrmal  effect  increased  almost  2  times  in  comparison  with  the  effect  of  solu¬ 
tion  in  water. 


In  Fig.  4  the  relationship  of  All^^.  to  HCIO4  concentration  is  shown.  It  can  bo  seen  that  the  endothcrmal 
effect  of  solution  decreases  at  first,  remains  unchanged  in  the  region  of  acid  concentration  0.5- 2.0  N  and  then 
sharply  increases  for  dilutions  of  1:100,  1:200,  and  1:500. 


Fig,  4,  Relationship  of  heat  of  solution  of  Cu(C104)2* 
*6H20  in  perchloric  acid  to  concentration  of  acid. 


SU  MMA  RY 

1.  The  heats  of  solution  of  Cu(C104)2*6H20  in 
water  have  been  determined  over  a  wide  range  of  di¬ 
lutions.  It  has  been  shown  that  the  relationship  with 
dilution  is  similar  to  that  obtained  previously  for  the 
hexahydrates  of  the  perchlorates  of  Mg'*^'*',  Zn'*’"'',  Co  , 
and  Ni  . 

2.  The  heats  of  solution  of  Cu( CIO 4)2*61120  in 
0.1-10.0  N  HCIO4  solutions  have  been  determined  for 
dilutions  of  1:50,  1:100,  1:200,  and  1:500.  It  has  been 
shown  that  the  heat  of  solution  of  Cu( 0104)2*61120  de¬ 
pends  on  the  concentration  of  the  acid. 
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While  rather  wide  regions  of  homogeneity  often  exist  for  the  sulfides  of  the  3ds  elements,  for  example  in 
the  case  of  the  sulfides  of  titanium  fl],  vanadium  [2],  chromium  [3],  iron  [4],  nickel  [5],  and  cobalt  [5],  the 
question  of  the  extent  of  regions  of  homogeneity  for  tlic  sulfides  of  the  4d5s  and  the  5dGs  elements  has  been  ex¬ 
plored  comparatively  little. 

The  formation  of  subcompounds  also  frequently  is  characteristic  of  the  3d4s  elements  (C03S4,  CogSs, 

CoqSs,  Ni-iS^,  subsulfides  of  titanium,  vanadium,  etc.).  It  still  is  not  completely  clear  whether  such  componds 
of  the  5dGs  elements  are  formed. 

The  purpose,  of  our  investigation  was  to  study  the  phase  relationships  in  the  s)^tem  W— WS2.  Samples  of 
WSj^  were  prepared  by  homogenization  of  mixtures  of  metallic  tungsten  powder,  obtained  by  the  reduction  of 
WO3  with  hydrogen  to  constant  weight  at  900°,  and  sulfur,  which  had  been  purified  by  distilling  3  times  in  vacu¬ 
um.  These  mixtures  were  placed  in  evacuated  quartz  ampoules  at  800°  and  were  roasted  for  500  hours. 

The  tungsten  content  of  the  preparations  was  established  by  biurning  them  to  WO3  and  tlie  sulfur  was  deter¬ 
mined  by  difference. 

Preparations  having  four  different  compositions  were  made:  WSq  gj.  WSj.73,  WSj.gg,  and  WS2.  The  results  of 
an  x-ray  study  that  we  carried  out  were  in  complete  agreement  with  the  data  obtained  by  Erlich  [G]:  over  the 
whole  range  of  composition  W- WS2  only  lines  for  tungsten  and  the  disulfide  were  found  in  the  x-ray  photos. 
Furthermore,  when  the  composition  of  the  preparation  was  changed,  no  change  was  observed  in  the  interplanar 
distances  in  the  two  lattices.  This  indicates  the  absengc  in  tungsten  disulfide  of  an  appreciable  region  of  homo¬ 
geneity  extending  in  the  direction  ot  a  lower  sulfr.r  content  than  that  corresponding  to  the  stoichiometric  composition. 

When  mixtures  of  tungsten  with  sulfur  in  larger  amounts  than  that  necessary  for  the  formation  of  WS2  were 
calcined,  we  did  not  succeed  in  preparing  homogeneous  samples.  Even  under  conditions  of  very  slow  cooling  of 
the  ampoules,  the  samples  contained  free  sulfur  that  distilled  off  at  a  temperature  of  100-150°.  This  obviously 
indicated  also  the  absence  in  tungsten  disulfide  of  a  region  of  homogeneity  extending  in  the  direction  of  a  higher 
sulfur  content  than  that  corresponding  to  the  stoichiometric  composition. 

In  view  of  the  fact  that  the  changes  in  a  lattice  parameter  when  the  composition  is  charged  within  the 
limits  of  the  region  of  homogeneity  sometimes  are  very  slight  and  may  not  be  detected  in  the  course  of  an  experi¬ 
ment,  we  carricxJ  out  a  series  of  isop’cstic  experiments.  Weighed  samples  of  sulfides  of  different  composition  (or 
of  sulfide  and  metallic  tungsten  powder)  were  taken  in  small  quartz  tubes  and  were  placed  in  a  quartz  ampoule, 
which  was  carefully  evacuated,  filled  with  hydrogen  to  a  pressure  of  125  mm  Hg  and  sealed.  The  ampoule  was 
then  kept  at  600°  for  200  hours.  It  can  be  seen  from  the  data  in  the  table  that  no  transfer  of  sulfur  from  the  sulfide 
of  composition  WSj^gg  to  the  metallic  tungsten  was  observed.  The  same  was  true  of  the  pair  WSj  73"  WSg^gi, 

At  600°  tungsten  disulfide  is  reduced  by  hydrogen  and  the  metallic  tungsten  reacts  with  the  hydrogen 
sulfide.  Accordingly  the  absence  of  any  transfer  of  sulfur  in  the  experiments  described  clearly  indicates  the 
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absence  in  tnnpsren  disiilfide  of  a  region  of  homogeneity  extending  in  the  direction  of  a  lowet  siilfnr  content  (in 
comparison  with  the  stoichiometric  composition  of  WS2),  and  also  the  absence  of  intermediate  compounds  be¬ 
tween  W  and  WS2. 


Preparation 

Time 

Weight  of 
sample 

Amount  of  sulfur 
transferred  (in 
mg) 

1  Final  com¬ 
position 

W 

1  200  1 

0.1500 

0 

W 

'*'^5 1,98 

0.0859 

0 

WS,.98 

1  200  1 

0.2358 

0 

'''^1,73 

0.1262 

0 

WS1.73 

Thus  the  passage  from  chromium  to  tuncsten  is  characterized  by  the  disappearance  of  regions  of  homo¬ 
geneity  and  of  discrete  compounds  not  corresponding  to  a  whole-numbet  valence  condition  .  In  the  system  Cr-S, 
according  to  Jcllinek  [”11  the  following  compounds  exist;  CrS,  CtySg,  Cr^Sg,  and  0283,  while  Haraldsen  [31  found 
two  broad  regions  of  homoecneity.  Apparently  the  difference  in  the  data  of  the  two  authors  is  explained  by  the 
fact  that  they  worked  witli  preparations  that  were  seasoned  at  different  temperatures;  the  picture  observed  for  the 
sulfides  of  the  elements  of  the  subgroup  of  group  is  rather  typical. 

Movement  in  the  s\ibgroups  in  the  direction  of  an  increase  in  the  atomic  number  as  a  rule  is  accompanied 
by  the  disappearance  in  the  compounds  of  perceptible  regions  of  homogeneity  (or  a  considerable  reduction  in 
their  area).  Thus,  for  example,  vanadous  oxide  belongs  to  the  group  of  compounds  with  very  wide  regions  of 
homogeneity  ( VOo.gs- VOi^^)  [8],  while  niobium  monoxide  has  a  very  narrow  (almost  imperceptible)  region  of 
homogeneity.  Other  examples  also  might  be  cited. 

In  the  lattices  of  salt-type  compounds  of  variable  composition  atoms  of  some  element  coexist  in  different 
valence  states.  Accordingly  a  number  of  authors  consider  the  variable  valence  of  a  certain  element  to  be  a  neces¬ 
sary  condition  for  the  formation  of  its  compounds  of  variable  composition  [9,  10].  Attention  is  attracted  by  the 
fact  that  in  a  case  where  the  stable  valence  states  of  a  certain  element  differ  by  two  or  more  valence  units,  its 
oxides  and  sulfides  do  not  have  broad  regions  of  homogeneity. 

Actually  niobium  does  not  exhibit  a  valence  of  three  with  respect  to  oxygen,  the  compound  following 
NbO  is  Nb02,  and  niobium  monoxide  has  no  observable  region  of  homogeneity. 

On  the  other  hand,  the  broad  region  of  homogeneity  of  vanadous  oxide  corresponds  to  the  existence  for 
vanadium  of  VO  and  V2O3.  Tungsten  exhibits  only  a  valence  of  four  with  respect  to  sulfur  and,  as  stated  above, 
WS2  docs  not  have  a  perceptible  region  of  homogeneity,  wliile  cliromium,  which  exhibits  "contiguous"  valences 
of  two  and  three  with  respect  to  sulfur,  forms  compounds  with  it  that  are  characterized  by  considerable  regions 
of  homogeneity  (in  any  case  at  high  temperatures). 

Ferrous  oxide  is  one  of  the  typical  compounds  of  variable  composition,  but  the  lower  oxide  of  the  neigh¬ 
boring  comfKJund  to  iron,  manganese,  does  not  have  an  appreciable  region  of  homogeneity  in  thermodynamic 
equilibrium  [11].  It  is  possible  that  this  fact  is  in  conformity  with  the  assumptions  that  in  Mn203  and  Mn304 
manganese  is  not  trivalent  and  di-  and  trivalent,  respectively,  but  (in  both  compounds)  di-and  tetravalent, 

SUMMARY 

1.  It  has  been  established  that  in  the  system  W-S  there  is  one  compound,  WS2,  which  has  no  perceptible 
region  of  homogeneity. 

2.  Some  rules  for  the  change  in  regions  of  homogeneity  of  oxides  and  sulfides  in  the  periodic  system  have 
been  discussed. 
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It  is  known  tliat  potassium  permanganate  is  widely  used  as  an  oxidizing  agent,  hut  up  to  the  present  time 
there  has  not  been  sufficiently  complete  quantitative  infcrn'ation  on  the  oxidizing  prepernes  of  per.mangnnatc. 

It  is  known  that  this  depends  to  a  great  extent  on  the  acidity  of  the  solution.  There  are  contradictory  data  in  the 
literature  on  this  (inestion.  Titus,  Koltlioff  fJ]  found  that  the  change  in  the  oxidizing  potential  of  a  permanganate 
solution  per  pil  unit  in  the  pH  interval  0-7  is  95  mv.  Rius  and  dc  Castro  [2]  indicated  for  tliis  same  pH  interval 
a  change  in  potential  of  fiO  mv  per  pH  unit.  Kolthoff,  Ruis,  and  de  Castro  measured  the  potential  in  buffered  solu 
tions. 


A  study  of  the  relationship  between  the  potential  of  a  permanganate  solution  and  the  pH  is  of  intereist  also 
because  from  the  nature  of  the  curve  for  the  relationship  of  the  potential  to  pH  it  is  possible  to  pass  judgment  on 
the  reduced  form  present  in  equilibrium  with  the  permanganate  ion.  In  acid  solution  the  permanganate  ion  may 
be  present  in  equilibrium  with  a  whole  series  of  its  reduction  products,  with  the  exception  of  compounds  of  di¬ 
valent  manganese,  since  KMn04  oxidizes  Mn^^  at  any  pH  value  and  consequently  the  ordinarily  cited  equation 
cannot  serve  to  characterize  the  oxidizing  properties  of  permanganate.  Different  methods  have  been  used  for  the 
study  of  these  equilibria:  measurement  of  the  oxidizing  potentials  of  several  systems,  isotope  exchange  [3-5],  etc, 
The  system  Mn04'  +  4H*  +  3e  =^Mn02  +  2  H2O  has  been  studied  the  most,  but  the  data  on  the  value  of  the  normal 
oxidizing  potential  are  contradictory  [6,  7]. 


E=  1510  + 


59.1  [MnO^l  [H-]^ 
5  [Mn-j 


The  nature  of  the  acid  may  influence  the  value  of  the  oxidizing  potential.  Tliis  has  been  shown  for  bi¬ 
chromate  solution  in  the  work  of  B.  V.  Ptitsyn  and  V.  F.  Petrov  [8].  The  same  may  occur  also  for  permanganate. 


The  problem  in  the  present  investigation  was,  first,  to  clarify  the  quantitative  relationship  of  the  oxidizing 
potential  of  a  permanganate  solution  to  the  pH  of  the  medium;  second,  to  determine  whether  the  nature  of  the 
acid  affects  the  value  of  the  potential;  and  third,  to  attempt  to  characterize  the  equilibria  existing  in  a  perman¬ 
ganate  solution  under  our  conditions. 


Starting  Materials  and  Methods  of  Work 

Twice-distilled  water  was  used  in  preparing  all  of  the  solutions.  Tlie  second  distillation  was  carried  out 
from  an  alkaline  solution  of  permanganate.  The  potassium  permanganate  solution  was  prepared  from  the  chem¬ 
ically  pure  salt  that  had  been  recrystallized  three  times.  The  titer  of  the  solution  was  determined  with  oxalic 
acid.  The  solutions  of  acids  were  prepared  from  concentrated  chemically  pure  acids.  For  the  connecting  bridges 
and  intermediate  cells,  recrystallized  KNO3  and  KCl  were  used. 

The  measurements  of  the  oxidizing  potential  and  the  pH  of  the  permanganate  solution  were  made  with  a 
type  LP-5  pH  meter.  A  smooth  platinum  electrode  was  used  as  an  indifferent  electrode,  and  a  saturated  calomel 
electrode  was  used  as  the  standard  electrode  for  comparison.  In  order  to  avoid  decomposition  of  the  permanganate, 
the  contact  between  the  solution  under  investigation  and  the  calomel  electrode  was  made  tlirotigh  an  intermedi¬ 
ate  cell  filled  with  a  saturated  solution  of  KNO3,  by  means  of  two  connecting  bridges.  The  opening  of  the  bridge 
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was  in  conract  with  tlic  pcrmani’anatc  solution  and  was  filled  with  KNOj  solution  and  covered  with  glass  wool. 

The  second  bridge  was  filled  with  saturated  KCl  solution.  Tlie  pH  was  measured  with  a  glass  electrode.  When 
the  oxidizing  potential  was  measured  in  each  test,  readings  were  taken  simultaneously  with  two  electrodes.  The 
measurements  of  tlic  potential  were  made  at  2.')“. 

In  the  eoursc  of  the  work  it  was  determined  that  stirring  had  no  effeet  on  the  value  and  the  rate  of  establish¬ 
ment  of  the  potential. 

Relationship  of  Oxidizing  Potential  of  Permanganate  to  pH  in  the  Presence  of 


Different  Acids 

The  relationship  of  the  oxidizing  potential  of  a  potassium  permangatiate  solution  to  the  pH  was  determined 
in  solutions  of  perchloric,  nitric,  sulfuric,  and  acetic  acids.  The  permanganate  concentration  in  all  the  experi¬ 
ments  was  0.01  M. 

The  relationship  of  the  oxidizing  potential  of  permanganate  to  the  pH  in  solutions  of  the  acids  mentioned 
is  shown  in  the  figure.  Tlic  values  of  the  oxidizing  potentials  in  all  cases  arc  given  in  millivolts  with  reference 
to  a  hydrogen  electrode  and  arc  the  averages  of  not  less  than  5-7  experiments  with  an  average  error  of  ±4  mv. 

From  an  inspection  of  the  curves  obtained  the  following  facts  can  be  seen. 

1.  Tlic  curves  for  the  relationship  of  the  oxidizing  potential  of  a  permanganate  solution  to  the  pH  for 
perchloric  and  nitric  acids  coincide  over  the  pH  range  investigated.  The  value  of  the  oxidizing  potential  of  per¬ 
manganate  in  solutions  of  these  acids  within  the  indicated  pH  interval  is  a  linear  function  of  pH.  The  change  in 
potential  per  pH  unit  is  84  mv. 

TABbn  1. 


pH  1/i0  2.10*  3.10  4.00  5.15  5.85  0.75 

/;(mv)  1449  1.382  1.3(19  12.30  11.35  1072  998 

Dy  w.iy  of  illustration. data  are  prcstiited  in  Table  1  on  the  relationship  of  the  potential  of  permanganate  to  the 
pH  in  HCIO4  solutions. 

2.  Tlic  curve  for  sulfuric  acid  coincides  with  the  curve  for  HC104and  HNO3  at  pH>3  and  lies  somewhat 
below  it  at  pH<.3.  In  the  interval  pH  .3-1  the  slope  of  the  curve  is  74  mv  per  pH  unit. 

3.  The  curve  for  acetic  acid  diverges  fi;cm  the  gurve  for  HCIO4  and  HNO3  at  pH<4.  The  slope  of  the  curve 
in  the  region  pH  4-2  is  74  mv  per  pH  unit,  i.  c.,  in  this  interval  the  curve  is  parallel  to  the  curve  for  sulfuric 
acid  in  the  region  pH  3-1. 

Tlic  equilibrium  between  the  permanganate  ion  and  the  reduced  forms  in  acid  medium  can  be  represented 
by  different  electrochemical  equations,  each  of  which  should,  according  to  the  Nernst  equation,  be  characterized 
by  a  certain  value  of  Ao/ApH  (Table  2). 


o -HNO, 
a  -CHjCOOH 


Relationship  of  oxidizing  potential  of  potassium  per¬ 
manganate  to  pH  in  the  presence  of  different  acids. 
1)  In  HCIO4  solution  and  in  HNO3  solution;  2)  in 
113504  solution;  3)  in  CH3COOH  solution. 


If  we  compare  the  experimentally  obtained  change 
in  potential  per  pH  unit  with  the  changes  in  potential 
corresponding  to  the  equilibria  given,  then  it  may  be 
assumed  that  in  HCIO4  and  HNO3  solutions  the  perman¬ 
ganate  ion  is  in  equilibrium  mainly  with  manganese  di¬ 
oxide.  Some  difference  between  the  cxp/crimentally  ob¬ 
tained  value  of  AE.^ApH  and  its  theoretical  value  (from 
equation  2)  possibly  is  associated  with  the  fact  that  Mn^'^ 
may  be  present  in  the  solution  partly  in  the  form  of  MnO** 
or  Mn*”*  ions.  The  possibility  of  the  existence  of  the 
latter  in  an  acid  solution  of  permanganate  has  been  poin¬ 
ted  out  by  Latimer  and  a  number  of  authors  who  have 
studied  tlie  isotope  exchange  between  the  Mn04'  ion  and 
its  reduced  forms  [7].  An  analysis  of  the  curves  for 
H2.5O4  and  CH3COOH  makes  it  possible  to  assume  that 
in  the  pH  region  from  6  to  3  for  H2SO4  and  from  6  to  4 
for  CH3COOH  tlie  permanganate  is  in  equilibrium  with 
the  same  reduced  forms.  In  the  pH  regions  from  3  to  1 
for  H2SO4  and  from  4  to  2  for  CH3COOH  the  slope  of  the 
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curves  is  flic  same  (Jiii  .'Jipii  7  }  niv;.  On  tlie 
basis  of  this  observation  it  can  be  assumed 
that  the  permanganate  in  both  instances  is 
in  equilibrium  with  the  same  reduced  form, 
namely  Mn(OH)3. 

The  formation  of  compounds  of  trivalent 
manganese  as  the  form  in  equilibrium  with  the 
permanganate  ion  it  seems  to  us  may  be  connec¬ 
ted  with  the  formation  of  sulfate  and  acetate 
complexes  when  the  concentration  of  the 
corresponding  acids  increases.  In  the  literature 
there  are  indications  that  when  permanganate 
is  reduced  in  the  presence  of  complex-forminc  agents,  compounds  of  trivalent  manganese  may  appear  [^1.  Com¬ 
plexes  of  Mn^^^  witli  sulfate  ion  are  known.  The  existence  of  similar  complexes  of  Mn^^^  vv?ith  the  acetate  ion  can 
be  assumed  with  an  adequate  degree  of  likelihood. 

Tlic  curve  for  the  relationship  of  the  OMdicing  potential  of  {X'.rmanganatc  to  the  pllbeginstobc  determined 
by  Equation  b  for  solutions  of  CH^CcX'tH  at  larger  ptl  values  than  for  solutions  of  H3SO4.  Tliis  may  be  assi'ciated, 
first,  with  the  greater  concentration  of  Cii3C001l  than  of  113804  for  equal  pH  valu«js,  and  second,  perhaps,  with 
the  greater  capacity  of  tlie  acetate  ion  for  complex  formation.  The  latter  factor  should  also  elicit  a  relatively 
larger  sluft  in  the  equilibrium  in  the  direction  of  the  reduced  form,  leading  to  a  decrease  in  the  coneentration  of 
the  permanganate  ion  and  to  a  eorresponding  decrease  in  the  potential,  which  is  confirmed  by  comparison  of  the 
position  of  curves  2  and  3  in  the  figure.  The  relatively  unstable  complexes  of  Mn^^^  are  decomposed  by  water  with 
the  formation,  as  a  final  result,  of  a  hydrated  oxide  of  trivalent  manganese,  which  also  is  in  equilibrium  with  the 
permanganate  ion. 

Tlie  different  change  in  the  potential  per  pH  unit  in  our  experiments  and  in  references  [1]  and  [2]  can  be 
explained  by  the  fact  that  we  established  the  necessary  pH  value  by  the  addition  of  the  appropriate  acids  and 
NaOH  to  tlie  permanganate  solution,  but  the  authors  mentioned  carried  out  their  measurements  in  buffered  mix¬ 
tures.  In  tliis  connection  Kolthoff  pointed  out  the  possibility  of  some  reaction  of  the  permanganate  with  the  Clark 
buffer  mixtures. 

If  we  extrapolate  curves  1  and  2  in  the  figure  to  pH-0  and  bring  the  concentration  of  permanganate  to  1  M 
according  to  Equation  2  (Table  2)  for  HCIO4  and  HNO3  and  E(|uation  0  for  H2SO4,  then  it  is  possible  to  approxi¬ 
mately  evaluate  the  oxidation  potential  of  the  permanganate  solution  under  these  conditions.  For  HCIO4  and  HNO3 
E-lO'tn  niv  and  for  H2S('>4  E-1680  mv. 


TARl.E  2.  Values  of  AF/ApH  for  Piffcront  Oxidatinn-Pedur- 


tion  Systems 


Equation 

No. 

System 

AE/llpH 

1 

Mn04'  -f  L’lr  -f  2e  ^  MriO-,'  f  HoO 

39 

2 

MnD4'  4-  MnO.  l-2llol) 

79 

3 

MnOi’  -1-  SH‘  4-  3;;  Mn  '  -  ilI  .O 

137 

•'* 

4-r.ir  4-  3(5  MnO  "  -4-3113) 

1 18 

3 

Mu()4'  -f  Sir  4-  4^  Mu  "  -f  4M2D 

118 

6 

Mn(.)4'  311  ■  -f  \c  .Mn(0  H  b  4-  l'l2*  1 

74 

SU  MM  A  RY 

1.  The  relationship  of  the  oxidizing  potential  of  0.01  M  KMn04  solution  in  solutions  of  HCIO4,  HNO3,  H2SO4, 
and  CH3COOH  has  been  investigated. 

2.  It  has  been  shown  that  the  nature  of  the  acid  has  an  effect  at  low  pH  values. 

3.  On  the  basis  of  an  analysis  of  the  curves  for  the  relationsliip  of  the  potential  of  a  solution  of  KMn04  to 
the  pH  in  solutions  of  different  acids,  a  hypothesis  has  been  stated  regarding  the  nature  of  the  reduced  forms  that 
are  present  in  equilibrium  with  the  permanganate  ion. 
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Because  of  the  small  energy  of  the  -0—0-  bond  [1]  in  the  molecule  of  peroxides  under  the  conditions  of 
polymerization  of  monomers  they  break  down  to  free  radicals,  which  initiate  the  polymerization  process.  Among 
the  organic  peroxides  those  that  have  been  studied  the  most  as  initiators  of  polymerization  are  the  alkyl,  aryl,  and 
alkylaryl  hydroperoxides:  this  is  to  a  considerable  extent  associated  with  their  wide  use  in  emulsion  (latex)  poly¬ 
merization  [2],  We  find  considerably  less  data  on  thermal  stability  and  initiating  activity  for  the  diacyl  peroxides 
[4,  5],  with  the  exception  of  benzoyl  peroxide  [3].  Because  of  their  oleophilic  nature  the  diacyl  peroxides  may 
have  special  value  as  polymerization  initiators  in  cases  where  the  polymerization  process  must  necessarily  be  carried 
out  in  a  mass  of  the  monomer,  for  example  in  pearl  polymerization. 


The  purpose  of  the  present  investigation  was  the  comparative  study  of  the  thermal  stability  and  the  initiating 
activity  of  diacyl  peroxides  of  benzoyl,  cinnamic,  and  hydrocinnamic  acids.  It  was  of  interest  of  determine  the 
effect  of  the-CH=CH-and  — CH2“  CH2- groups  introduced  between  the  — O— 0--  group  and  the  phenyl  radical  on 
the  indicated  properties  of  the  diacyl  peroxides. 

An  investigation  of  the  kinetics  of  the  thermal  breakdown  of  the  peroxides  that  have  been  mentioned  in 
chloroform  at  70  and  80“  showed  (Table  1)  that  the  introduction  between  the  phenyl  radical  and  the  peroxide 
group  of  the  —  CH=CH—  and  the  —  CH2- CH2— links  leads  to  a  lowering  of  the  stability  of  the  peroxide  and  an 
acceleration  of  its  dissociation.  Tlie  energy  of  activation  of  the  process  decreased  in  the  order  benzoyl  peroxide- 
cinnamic  acid  peroxide— hydrocinnamic  acid  peroxide,  which  also  serves  as  an  indication  of  the  weakening  of 
the  —0—0— bond  in  the  same  sequence. 


TABLE  1.  Rate  Constants  and  Energy  of  Activation  of  the 
Dissociation  of  Diacyl  Peroxides  (min  Solvent— Chloro¬ 
form 


Peroxide  i 

7i)® 

8(1°  ! 

E.Cal 

1  /I  •  10^ 

k  ■  1(1’  1 

(C, ill;, CO ).()., 

i  1.(i5 

1 

0.33 

27.4 

((;cH-cii=cii—':o 

2.35 

0.S9 

27.0 

(Coii„cii2— ch./:u)2U2 

j  5.67 

1.77 

1 

26.8 

The  cause  of  this  weakening,  in  our 
opinion,  must  be  the  weakening  of  the  induc¬ 
tive  effect  that  is  dependent  on  the  phenyl 
radical.  Actually  we  should  represent  the  diacyl 
peroxide  as  two  dipoles  joined  together  and 
being  in  a  state  of  repulsion. 

o  o 

R-C-O-O-C-R 


Because  of  this,  the  greater  excess  nega¬ 
tive  charge  there  is  localized  on  the  oxygen  atoms  of  the  peroxide  group,  the  more  the  -0-0-bond  is  weakened 
Because  of  the  electrophilic. nature  of  tlie  phenyl  group,  this  charge  will  be  less  in  benzoyl  peroxide,  thus  provid¬ 
ing  higher  stability.  With  the  introduction  of  the  -CH=CH- group,  and  especially  of  the  -CHj- CH2-group,  the 
effect  of  the  phenyl  radical  is  weakened,  which  results  in  a  weakening  of  the  -0-0-bond  and  consequently  to 
a  lowering  of  the  stability  of  the  peroxide. 
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A  comparative  study  of  the  initiating  activity  of  the  peroxides  under  investigation  was  carried  out  with  the 
aid  of  cxpcriiiienls  on  the  polymerisation  of  styrene  in  the  presence  of  the  indicated  diaeyl  peroxides  as  initiators. 
It  was  found  tliat  with  other  conditions  being  eijual  the  rate  of  polymerisation  of  tlic  styrene  inereased  on  going 
from  hensoyl  peroxide  to  the  peroxide  of  hydrocinnamic  acid  (Table  2).  Thus,  the  initiating  activity  of  the  per¬ 
oxides  increases  in  the  same  order  in  which  their  thermal  stability  decreases. 


TABin  2.  Average  Rate  of  Polymerisation  ( Vpgj)  of  Styrene  (moles/iiter*min) 


To  obtain  comparative  data 
on  the  rate  of  initiation  of  the  re¬ 
action  in  the  presence  of  the  per¬ 
oxides  under  investigation,  we 
determined  the  molecular  weights 
of  the  styrene  polymers  that  were 
fOTmed.  In  this  way  it  was  found 
that  the  polymers  obtained  with 
the  peroxide  of  cinnamic  acid  in 
the  majority  of  cases  were  not 
soluble  in  benzene,  which  fact 
probably  was  associated  with  the 

possibility  of  partial  copolymerization  of  the  styrene  and  the  cinnamic  acid,  \;hfch  has  a  double  bond  in  the  side 
chain. 


Cone,  of  peroxides 
(moles/ 1000  g) 

Vpf,|*]0‘  in  the  Presence  of 

Benzoyl  Peroxide 

Peroxide  of 

cinnamic 

acid 

Peroxide  of 

hydrocinnamic 

acid 

0.05 

2.416 

3.35 

3.558 

0.025 

1.666 

2.20 

2.256 

0.0125 

1.204 

1.69 

1.778 

0.0063 

0.864 

1.10 

1.187 

TARIT  n.  Comparative  Data  on  Rate  of  Initiation  (moles/ 
liter-min).  Temperature  70* 


Cone,  of 
peroxides 
(moles/ 

1000  g) 

^in 

‘  lO**  in  the  presence  of 

Benzoyl  peroxide 

Peroxide  of  hydro¬ 
cinnamic  acid 

0.05 

1.205 

2.00 

0.025 

0.664 

0.93 

0.0125 

0.293 

0.47 

0.0063 

0.192 

0.29 

The  relative  value  of  the  rate  of  initia¬ 
tion  (Vjp)  was  found  from  the  relationship 


v:r,=  v _ ,/P  where  v  ,  is  the  over-all  rate 

tn  pol  pol 


"of  polymerization  and  P  is  the  average  degree 
of  polymerization  [6]. 


The  data  on  the  rate  of  initiation  pre¬ 
sented  in  Table  3  show  that  the  peroxide  of 
hydrocinnamic  acid  provides  the  most  rapid 
course  for  the  initiation  reaction,  and  there¬ 
fore  it  can  be  recommended  for  the  synthesis 
*  of  polymerized  plastics  as  an  active  oleophilic 
initiator. 


EXPERIMENTAL 

Tlie  peroxide  of  cinnamic  acid  was  prepared  by  the  method  of  Pechmann  and  Vanino  [7],  but  the  concentra¬ 
tion  of  hydrogen  peroxide  was  increased  to  16-20*’/^.  The  peroxide  was  purified  by  rcprecipitation  twice  by  methyl 
alcohol  from  a  solution  in  chloroform,  * 


Tlic  peroxide  of  liydrocinnamic  acid  was  prepared  by  a  somewhat  modified  version  of  the  method  given  in 
[8]  for  ilic  preparation  of  an  alipliatic  diacyl  peroxide;  to  a  mixture  of  10  ml  of  20^? hydrogen  peroxide  with  10 
ml  of  1 0.370  alkali  solution  cooled  with  water  and  ice  was  added  dropwise,  with  stirring,  10  g  of  hydrocinnamic 
acid  cliloride.  After  all  the  acid  chloride  had  been  added,  the  mixture  was  stirred  for  30-40  minutes  more.  The 
prccipiLate  of  peroxide  that  had  separated  out  was  filtered  off  and  waslied  w'ith  ice  water,  and  then  2-3  times 
with  small  portions  of  cold  methyl  alcohol.  The  yield  of  peroxide  was  70-8070,  The  percent  of  active  oxygen  was 
determined  iodometrically,  ‘ 

Found  7o:  5.33,  5.35.  Calculated  7o:  5.37. 

Tlie  starting  styrene,  which  contained  99,97  of  the  monomer,  was  freed  of  inhibitor  (hydroquinone)  by 
ditilling  it  3  times  in  vacuum  after  a  preliminary  treatment  with  concentrated  alkali  solution. 

In  order  to  study  the  rate  of  thermal  breakdown  of  the  peroxides  under  investigation  we  prepared  approxi¬ 
mately  0.065  M  solutions  of  them  in  chloroform.  Glass  ampoules  with  a  capacity  of  15-18  ml  were  filleJ  with 
these  solutions,  7  ml  being  placed  in  each  ampoule;  the  ampoules  were  sealed  and  placed  in  a  water  thermostat 
in  which  a  constant  temperatiure  was  maintained  within  ±0.05*.  The  decomposition  of  the  peroxides  was  studied 
at  70  and  80®.  At  certain  time  intervals  ampoules  were  taken  from  the  thermostat,  cooled  quickly  with  ice  water, 
and  opened.  Five  ml  of  solution  was  taken  from  the  ampoule  and  the  amount  of  undecomposed  peroxide  in  it  was 
determined  iodometrically. 
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To  determine  the  rperific  initiating  activity  of  the  peroxides 
under  investigation,  we  carried  out  the  polymerization  of  styrene  en 
masse  in  their  presence.  The  styrene  was  polymerized  in  a  special 
dilatometer  vessel,  which  was  a  graduated  2- ml  pipet  with  a  glass 
bulb  of  about  20-ml  capacity  sc'aled  on.  A  solution  of  the  peroxide 
in  styrene  was  poured  into  the  previously  weighed  dilatometer;  the 
dilatometer  was  reweighed,  sealed,  and  placed  in  a  water  thermostat. 
The  speed  of  the  polymerization  process  was  determined  by  the  contrac 
tion. 


Fig.  1.  Thermal  breakdown  of  diacyl 
peroxides  in  chloroform  at  70“;  ])  per¬ 
oxide  of  hydrocinnamic  acid;  2)  per¬ 
oxide  of  cinnamic  acid;  .2)  benzoyl 
peroxide. 


Tlie  molecular  weights  of  tlie  polymers  were  determined  by 
viscosimetry. 


Comparative  data  on  the  rate  of  thermal  decomposition  of  the 
peroxides  investigated  at  70“  are  given  in  Fig.  1.  It  can  be  seen  that 
the  relationship  -  log  c  vs.  t,  where  c  is  the  concentration  of  undecom- 
posed  peroxide  in  the  solution  and  t  is  the  rime  in  minutes,  has  an  al¬ 
most  linear  character.  This  shows  that  under  the  given  ronditions  the  breakdown  of  the  peroxides  mentioned  can 
be  described  closely  enough  by  an  equation  of  the  first  order.  A  similar  picture  has  been  noted  for  the  breakdown 
of  a  diacyl  peroxide  (benzoyl  peroxide)  in  other  research  also  fh,  10], 


51%) 


3  i 
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Fig.  2.  Curves  for  the  polymeriza¬ 
tion  of  styrene  at  70*;  1,  2,  3)  hydro- 
cinnamyl,  cinnamyl,  and  benzoyl 
peroxides;  concentration  of  per¬ 
oxides  0.050  mole/lOOO  g  of 
styrene;  4,  5,  6)  'a me  peroxides; 
concentration  0.0125  mole/lOOOg 


Fig.  3.  Rate  of  polymerization 
of  styrene  in  the  presence  of 
diacyl  peroxides;  cjp=concentra- 
tion  of  peroxides;  1)  peroxide  of 
hydrocinnamic  acid;  2)  peroxide 
of  cinnamic  acid;  3)  benzoyl 
peroxide. 

It  is  necessary,  however,  to  keep  in  mind  that  such  a 
picture  for  the  breakdown  of  benzoyl  peroxide  (and,  obviously, 
similar  compounds)  is  far  from  being  always  observed.  Nosaki 
and  Bartlett  [11],  who  investigated  the  breakdown  of  benzoyl 
peroxide  in  detail  in  various  solvents,  showed  that  on  the 
thermal  breakdown  of  the  peroxide  ( 1)  there  may  be  super¬ 


imposed  its  induced  breakdown  (2)  brought  about  by  the  re¬ 
action  of  the  radicals  tliat  are  formed  with  the  peroxide  molecules,  and  that  this  situation  can  be  represented  by 

the  following  scheme:  ^ 

^  QII.-CO-O-O-CO-CcIls  —  2Cr,il5-CO— 0-  | 

(1)  2r,..ii5-r,o-o - »  co.2  +  c^ii5-co— o-r^iir,  I 


(2) 


(flU.-CO-O-  -f  CGHr,-f'0-0-0-(:0-(V,IIr,  — 

->  4-  CcHr-co-o-rgH.-,  r„n,-,-C0-0— 

In  connection  with  this,  the  kinetics  of  the  breakdown  of  benzoyl  peroxide  can  be  represented  by  the 
equation  dc  ,  .  v 

— —  =kiC+  kjC'  , 

dt  ‘  ^ 
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wlicrc  k,  nnJ  kj  arc  the  rate  constants  for  the  thermal  breakdown  and  the  induced  breakdown;  x  is  the  order  of  the 
reaction  of  induced  breakdown,  the  value  of  which  is  from  0.5  to  2.  In  the  presence  of  various  inhibitors  the  in¬ 
duced  breakdown  should  be  suppressed  (kj--  0)  and  we  have  a  first  order  equation  to  deal  with.  The  data  in  Fig.  1 
show  that  under  the  conditions  of  our  experiments  induced  breakdown  is  practically  absent.  Tliis  is  also  indicated 
by  the  fact  that  the  rate  constant  found  by  us  for  the  breakdown  of  benzoyl  peroxide  (Table  1)  is  very  close  to  the 
values  of  k,  found  by  Swain  et  al.  [  12].  The  role  of  the  inhibitor  was  played  by  oxygen  in  our  exjx;rirnents.  Induced 
breakdown  may  have  been  absci.t  also  because  of  the  small  starting  concentrations  of  the  pcroxidi:^  in  solution. 

In  Fig.  2  the  kinc’ic  curves  for  the  polymerization  of  styrene  in  the  presence  of  the  diacyl  peroxides  under 
invcsuga*ion  arc  gi'  cn.  In  the  first  stages  of  the  polymerization  process  the  curves  for  the  extent  of  polymeriza¬ 
tion  (S)  and  lime,  (t)  arc  straight  lines.  From  the  tangent  of  the  angle  of  slope  of  the  kinetic  curves  in  their  linear 
porti(Mis  f  iXS/At)  the  average  rale  of  polymerization  ( v^^j)  was  found  from  the  relationship 

_  A(M)  _  ASdy 

pol  -  -  ’ 

At  AtKlo 

where  dp  and  Mq  are  the  density  and  the  molecular  weight  of  the  monomer. 

Data  on  the  rate  of  polymerization  over  a  wider  range  of  concentrations  of  the  peroxides  investigated  are 
shown  in  Fig.  3.  Here  the  rate  of  polymerization  is  given  as  a  function  of  This  relationship  is  linear,  as 

also  follows  from  the  theory  of  vinyl  polymerization. 

SUMMARY 

1.  The  rale  of  thermal  breakdown  and  the  initiating  activity  of  a  number  of  diacyl  peroxides  (namely, 
bcn/oyl,  cinnarnyl,  and  hydrocinnamyl  peroxides)  have  been  studied.  It  has  been  found  tliat  the  peroxides  investi¬ 
gated  can  be  arranged  with  respect  to  thermal  stability  in  the  series:  bc'nzoyl  peroxide  >  peroxide  of  cinnamic 
acid  >  pi  roxiue  of  hydrocinnamic  acid,  which  is  associated  with  the  effect  of  the  groups  present  between  tlie 
peroxide  oxyj^en  and  the  phenyl  radical. 

2.  Tlio  af'tivity  of  the  pcrnxiiics  mentioned  as  initiators  for  the  polymerization  (in  a  mass  of  the  monomer) 
increases  in  the  same  order  as  their  thermal  stabilities  decrease,  and  this  is  confirmed  by  data  on  the  total  rate 

of  polymerization  in  going  from  benzoyl  peroxide  to  the  peroxide  of  hydrocinnamic  acid,  and  also  by  comparative 
data  on  the  rate  of  initiation. 
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At  the  end  of  the  last  century  it  became  known  that  small  additions  of  sulfuric  acid  promote  the  acetylation 
of  cellulose  by  acetic  anhydride  in  acetic  acid  solution  [1].  The  condensations  accomplished  with  the  aid  of 
acetic  anhydride  and  sulfuric  acid  increased  the  interest  of  investigators  in  the  system  acetic  anhydride— sulfuric 
acid.  At  the  present  time  mixtures  of  acetic  anhydride  with  sulfuric  acid  are  used  for  the  acetylation  of  cellulose 
on  a  commercial  scale.  In  laboratory  synthesis  they  are  used  for  the  acetylation  of  some  aromatic  compounds  and 
also  compounds  of  the  aliphatic  series. 


Several  investigators  [2-5]  have  assumed  that  acetylsulfuric  acid  is  formed  in  this  system. 

,0 

.0 


CHor/ 

4-  11050311  =  4  CII3COOII 

CH3C4  \OSO3ll 

^O 


(1) 


Supporters  of  another  point  of  view  assume  the  formation  in  the  system  of  addition  products  of  sulfuric  acid 
and  acetic  anhydride  [6,  7]. 

Gillespie  [7],  on  the  basis  of  a  measurement  of  the  depression  in  the  freezing  point  of  solutions  of  acetic 
anhydride  in  sulfuric  acid,  proposed  a  reaction  mechanism  that  is  described  by  the  following  equations: 


CH3C^  CH3C<f  , 

>0  +  H2S04=  Noil‘S  4  HS07 
ClljC/  CI!:,C<  ' 


o 

0H+  =  CH3CO+  4  CH3CO2H 
0 


CH3CO2H  4  112504  =  011300.2112+  4  HSO4- 
(CH3C0).20  -k  2112804  =  CH3CO+  4  CH3CO2II2+  4  21ISO4- 


(2) 


(3) 


(4) 

(5) 


The  author  considered  the  acetyl  ions  completely  stable  in  sulfuric  acid  solution  and  assumed  that  they  are 
formed  practically  quantitatively  when  small  amounts  of  acetic  anhydride  are  dissolved  in  sulfuric  acid  . 
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Leisten  [8]  suggested  another  explanation  of  the  depression  in  freezing  point.  In  his  opinion,  there  takes 
place  in  the  system  the  extraction  of  water  from  the  solvent  and  the  addition  of  a  proton  to  the  acetic  acid  that 
is  formed: 

(Cll3C0)20  +  3110504  =  2Cll3C02ll2+  +  2IISO4-  +  SO3 
SO3  4- 11504-  =  115207“ 

Tlie  proposed  meclianism  is  in  agreement  with  conductivity  data,  according  to  which  only  one  hydrosulfate 
ion  is  formed  per  molecule  of  acetic  anhydride  in  the  system. 

Many  investigators  also  have  observed  that  in  the  course  of  time  more  extensive  changes  take  place  in  the 
system.  Tliese  changes  have  been  explained  by  the  formation  of  sulfoacetic  acid. 

We  believed  that  amplification  of  the  pliysicochemical  measurements  of  this  system  might  lead  to  some 
clarification  of  tlie  ideas  of  the  process  of  reaction  of  acetic  anhydride  with  sulfuric  acid.  In  this  work  we  con¬ 
fined  ourselves  to  the  study  of  the  atomic  concentration,  viscosity,  and  refractive  index. 

The  atomic  concentration  method  of  physicochemical  analy:is  was  proposed  by  1. 1.  Zaslavskii  [10], 

Separate  fragmentary  data  on  the  density  and  viscosity  of  mixtures  of  acetic  anhydride  and  sulfuric  acid 
have  been  reported  in  the  work  of  Atsuki  and  Ishii  [11]  without  indications  of  temperature  measurements.  The 
viscosity  of  dilute  solutions  of  acetic  anhydride  in  sulfuric  acid  has  been  determined  by  Sctiwab  and  Kolb  [12], 
These  data,  Itowever,  arc  totally  insufficient  for  the  consUuction  of  viscosity  diagrams  and  diagrams  of  the  increase 

in  atomic  concentration  in  coi  iparison  with  its  additive  values. 

*  »  » 

In  our  v/ork  we  used  acetic  anhydride  with  b.  p.  139- 110“  ( 760  mm)  and  sulfuric  acid  monohydrate  (0.4-170 
excess  SO3).  Some  excess  of  sulfur  trioxide  was  permitted  in  order  to  guarantee  that  the  sulfuric  acid  was  free  of 
water,  small  quantities  of  which  might  get  into  the  acid  from  the  air  during  the  work. 

For  the  preparation  of  the  mixtures,  a  weighed  quantity  of  acetic  anhydride  was  placed  in  a  three-necked 
200-ml  flask.  The  flask  was  provided  with  an  anchor  stirrer  with  a  mercury  seal  and  a  thermometer.  The  flask 
was  cooled  externally  with  a  mixture  of  ice  and  salt.  A  dropping  funnel  with  a  weighed  amount  of  sulfuric  acid 
was  placed  in  the  free  neck  and  closed  with  a  calcium 'chloride  tube.  The  rate  of  addition  of  the  sulfuric  acid 
from  the  funnel  was  regulated  so  that  the  temperature  of  the  mixture  did  not  rise  above  0*.  After  all  the  sulfuric 
acid  had  been  added,  stirring  v/as  continued  for  another  30  minutes.  The  dropping  funnel  was  reweighed. 

After  the  preparation  of  the  mixtures,  measurements  of  the  density  at  0,  25,  and  40. G“,  of  the  viscosity  at 
0  and  25“,  and  of  the  refractive  index  at  25“  were  carried  out  quickly.  (The  temperature  that  we  took  as  0“  corre- 
ponded  in  fact  to  the  range  0.05-0.15“.  The  temperatures  of  25  and  40.6“  were  maintained  within  ±0.05*.)  Re-  . 
peated  determinations  of  tlie  properties  of  the  mixtures  directly  after  their  preparation  gave  variable  results. 
Therefore  tlie  mixtures  in  the  pycnometer  and  the  viscosimeters  were  always  kept  in  thermostats  for  a  strictly 
determined  time  (20  minutes),  and  only  the  first  determination  was  used  for  calculations. 

Tlien  the  mixtures  were  left  in  the  dark  at  room  temperature  for  13  days,  after  which  the  viscosity  deter¬ 
minations  at  0,  25,  and  40.6"  and  the  density  determinations  at  0  and  25“  were  rej3eated.  Subsequent  determina¬ 
tions  of  tlie  density  at  the  three  temperatures  indicated  above  were  made  after  38  days  from  the  time  of  prepara¬ 
tion  of  the  mixtures. 

Tlie  methods  of  determining  the  density,  viscosity,  and  refractive  index,  and  also  the  calculation  of  the 
value  AA  have  been  indicated  by  us  previously  [13]. 

The  viscosimeters  were  calibrated  with  respect  to  water,  sulfuric  acid,  glycerol,  dibutyl  phthalate,  and 
mixtures  of  the  last  with  castor  oil,  which  M.  I.  Arkhipov  [14]  has  shown  to  be  most  convenient  and  exact, 

ATOMIC  CONCENTRATION  * 

On  the  basis  of  volume  measurements  at  0,  25,  and  40.6“  at  different  times  after  the  preparation  of  the 
mixtures,  we  calculated  the  deviation  of  the  atomic  concentration  from  the  additive  value  (AA),  In  Fig,  1 


(6) 

(7) 
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the  isotherms  for  AA  oinained  for  the  system  directly  after  preparation  arc  juxtaposed.  They  arc  curves  with  a 
maximum,  sharply  arched  from  the  abscissa  axis.  The  maximum  is  somewhat  extended  and  its  hcig’it  increases 
with  an  increase  in  temperature  from  10  at  0*  to  10.6  gram-atoms/liter  at  40.6“.  The  position  of  the  maxima 
corresponds  to  54.9  mole  °lo  (41  vol.  %)  of  sulfuric  acid,  l.e.,  it  does  not  correspond  to  a  rational  composition  of 
the  components. 


Fig.  1,  Deviation  of  atomic  concen¬ 
tration  of  the  system  (CH3CO)20— 

— H2S04  from  the  additive  value  (AA) 
directly  after  preparation  of  mixtures. 


Fig.  3.  Deviation  of  atomic  concen 
Oration  of  the  system  (CHsCOljO— 
“H2SO4  from  the  additive  value 
(AA);  temperature  25*;  1)  directly 
after  mixing;  2)  after  13  days;  3) 
after  38  days;  4)  after  8  months. 


Fig.  2.  Deviation  of  atomic  concen¬ 
tration  of  the  system  (CH3C0)20— 
H2SO4  from  the  additive  value  ( AA); 
Temperature  0*;  1)  directly  after 
mixing;  2)  after  13  days;  3)  after 
38  days. 


(In  vol 


Fig.  4.  Deviation  of  atomic  concen¬ 
tration  of  the  system  (€113^)20-* 
H2SO4  from  the  additive  valUv..  (AA); 
temperature  40.6*;  1)  directly  after 
mixing;  2)  after  38  days. 
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Fig.  5.  Viscosity  of  the  system  (CH3C0)20“ 
1)  directly  after  mixing  at  0®;  2) 
aftei  13  days  at  0°;  3)  after  13  days  at  25“; 
4)  after  13  days  at  40.6”;  5)  graphical 
difference  of  isotherms  1  and  2. 


Fig.  6.  Viscosity  of  the  system 
(CH3C0)20-H2S04:  temperature 
25®;  1)  directly  after  mixing;  2) 
after  13  days. 


In  Fig.  2  values  of  AA  of  the  system  after  holding 
of  the  mixtures  for  13  and  38  days  at  room  temperature 
are  given.  The  measurements  were  made  at  0*.  Similar 
data  for  25®  are  given  in  Fig.  3,  and  for  40.6*  after  38 
days  in  Fig.  4. 


In  the  process  of  carrying  out  the  volume  measurements  at  all  temperatures  an  increase  was  observed  in 
the  deviation  of  the  atomic  concentration  of  the  system  from  the  additive  value  as  the  time  of  holding  the  mix¬ 
tures  from  the  moment  of  their  preparation  increased.  A  shift  of  the  maximum  AA  in  the  direction  of  acetic  anhy¬ 
dride  with  an  increase  in  the  time  of  holding  the  mixtures  was  clearly  noted;  i.  e.,  in  the  direction  of  an  equi- 
molecular  ratio  of  the  components. 

VISCOSITY  OF  THE  SYSTEM 


The  results  of  a  determination  of  the  relative  viscosity  of  the  system  are  presented  in  Figs.  5  and  6.  Since 
the  viscosity  of  the  same  mixtures  distinctly  changes  with  a  change  in  temperature,  tlie  graphic  data  are  represented 
in  the  figures  on  different  scales.  Attention  is  attracted  by  the  tremendous  increase  in  viscosity  of  the  mixtures  in 
comparison  with  the  viscosity  of  the  starting  components.  This  difference  increases  with  a  decrease  in  the  tempera¬ 
ture  of  measurement.  As  t!ic  time  of  holding  the  mixtures  at  room  temperature  increases,  their  viscosity  increases 
rapidly.  Thus,  for  example,  the  maximum  viscosity  of  the  system  at  0®  more  than  doubles  after  the  mixtures  are 
held  for  13  days.  The  ratio  of  the  viscosity  of  the  mixtures  after  holding  to  the  viscosity  of  freshly  prepared  mix¬ 
tures  increases  with  a  decrease  in  the  temperature  of  measurement. 

The  viscosity  isotlierms  have  a  clearly  expressed  maximum  reminiscent  of  a  singular  point,  but  shifted 
somewhat  in  the  direction  of  a  rational  composition  of  the  components.  The  greatest  viscosity  on  the  0®  isotherm 
(measurements  made  directly  after  preparation)  is  shown  by  the  mixture  containing  54.05% sulfuric  acid.  On  the 
25®  isotherm  with  the  system  in  the  same  condition  tlte  maximum  viscosity  corresponds  to  a  mixture  with  57,31 
mole  %  H2SO4.  Thus,  at  0®  tlie  viscosity  maximum  is  close  to  an  equimolecular  ratio  of  acetic  anhydride  and 
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sulfuric  acid,  and  with  an  elevation  in  temperature  the  maximum  is  shifted  somewhat  in  the  direction  of  the 
more  viscous  component,  sulfuric  acid.  The  same  situation  is  observed  after  13  days  holding. 

When  comparing  the  position  of  the  maximum  of  the  isotherms  at  the  same  temperature,  but  with  a  different 
time  of  holding  tlie  mixtures,  notice  should  be  taken  of  the  slight  shifting  of  the  viscosity  maximum  in  the  direc¬ 
tion  of  acetic  anliydride.  For  the  0*  isotherm  this  is  expressed  only  in  an  unsymmetrical  shifting  of  the  two  branches 
of  the  isotherm  and  in  the  greater  proximity  to  the  peak  of  the  curve  of  the  point  with  57*70  sulfuric  acid  content. 

In  Fig.  5  we  have  constructed  Curve  5.  which  represents  the  graphical  difference  between  Curves  2  and  1.  The 
maximum  in  this  curve  corresponds  to  5(i  mole  7PH2SO4. 

INDEX  OF  Rr:FRACTION 

The  index  of  refraction  was  measured  directly  after  preparation  of  the  mixtures  at  25  ±  0.25*.  The  indicated 
accuracy  in  maintaining  the  temperature  constant  appeared  to  us  to  be  sufficient,  since  the  change  in  the  system 
with  time  made  it  impossible  to  employ  the  fourth  decimal  place  in  the  value  of  the  index  of  refraction. 

The  isotherm  for  the  index  of  refraction  (Fig.  7)  is  arched  away  from  the  abscissa  axis  of  the  curve.  In  the 
interval  45-75  mole  7"  of  sulfuric  acid  it  forms  an  almost  flat  section,  so  that  it  is  difficult  to  decide  to  exactly 

what  composition  the  maximum  of  such  a  form  corres¬ 
ponds.  We  drew  the  curve  for  the  deviation  of  the  index 
of  refraction  from  the  additive  value  (d^Up)*  plotting 
distances  of  the  ordinate  from  the  hori/.ontal  a.xis  corres¬ 
ponding  to  the  difference  between  the  values  of  the  index 
of  refraction  and  the  ordinates  of  the  points  on  the  straight 
line  joining  the  values  of  the  index  of  refraction  of  acetic 
anhydride  and  sulfuric  acid  (Fig.  7).  The  curve  obtained 
is  also  arched  away  from  the  abscissa  axis,  but  it  has  a 
perfectly  definite  maximum,  the  position  of  which  corres¬ 
ponds  to  50  mole  T'  of  sulfuric  acid. 

DISCUSSION  OF  RESULTS 

The  results  of  the  volumetric  measurements  and 
the  measurements  of  viscosity  and  index  of  refraction 
indicate  a  complex  reaction  process  that  changes  with 
time  in  the  system  sulfuric  acid  — acetic  anhydride.  The 
changes  taking  place  in  the  system  directly  after  mixing 
of  the  components  evidently  are  elicited  by  a  rapidly 
proceeding  reaction,  since  we  have  not  noted  that  a  change  in  the  time  of  mixing  at  0*  affected  the  value  of  AA 
and  the  viscosity  of  the  system  to  any  appreciable  extent.  The  processes  taking  place  in  the  system  in  this  condi¬ 
tion  are  characterized  by  a  flat  maximum  in  AA.  The  position  of  the  maximum  on  the  abscissa  axis  is  consider¬ 
ably  closer  to  the  ratio  [( CHgCOjjOjifHzSOJ  =  1 ;  1  than  to  [(CHgCOgO] :  [HgSOJ  =  1 :  2  or  even  1 :  15. 

The  maximum  viscosity  in  the  system  directly  after  preparation  of  the  mixtures  corresponds  to  a  content  of 
57  mole  %  of  sulfuric  acid  at  25*  and  54  mole  7o  of  sulfuric  acid  at  0*.  It  is  known  that  the  maximum  in  the 
viscosity  curves  of  irrational  systems  usually  is  shifted  with  a  decrease  in  temperature  in  the  direction  of  a  rational 
composition  of  the  reacting  components.  We  therefore  consider  it  possible  that  the  viscosity  isotherms  of  the  system 
(CHgCOjgO— 93804  indicate  the  reaction  of  equimolecular  quantities  of  acetic  anhydride  and  sulfuric  acid.  The 
isotherm  of  the  deviations  in  index  of  refraction  from  the  additive  value,  which  we  obtained  for  the  system  direct¬ 
ly  after  mixing,  also  reflect  a  process  which  is  characterized  by  a  ratio  of  the  reacting  components  of  1:1.  The 
peak  of  the  maximum  of  the  isotherm  corresponds  to  50  mole  7c  of  sulfuric  acid. 

On  the  basis  of  the  experimental  results  obtained,  and  also  the  data  from  the  literature  cited  above,  we 
assume  the  existence  in  the  system  of  an  acid-base  reaction.  As  a  result  of  this  reaction  a  complex  compound  of 
one  mole  of  acetic  anhydride  with  one  mole  of  sulfuric  acid  is  formed,  which  dissociates  to  an  acetic  anhydride 
cation  and  a  hydrosulfate  anion  according  to  Equation  (2)  given  above.  This  process  causes  appreciable  positive 
deviations  of  the  atomic  concentration  from  the  additive  value  with  a  maximum  in  the  curve  for  AA  vs.  composi¬ 
tion  close  to  an  equimolecular  ratio  and  a  sharp  increase  in  the  viscosity  in  the  system,  and  also  determines  the 
shape  of  the  isotherm  for  the  deviation  of  the  index  of  refraction  from  the  additive  value,  with  a  maximum  in  the 
region  of  50  mole  7f  of  sulfuric  acid. 


Fig.  7.  Index  of  refraction  of  the  system 
(09300)20—93804;  temperature  25*. 
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The  process  of  splitting  this  cation  with  the  formation  of  an  acetyl  ion  and  a  molecule  of  acetic  acid,  which 
Gillespie  [7]  assumed  proceeded  practically  to  completion  in  the  region  of  small  concentrations  of  acetic  anhydride 
[rquation  (3)],  evidently  has  no  significance  in  the  central  portion  of  the  system. 

Actually,  if  we  assume  Process  (H).  it  is  necessary  to  assume  further  that  the  acetyl  cation  reacts  with  the 
strongest  base  in  the  system,  the  nS04  ion,  with  the  formation  of  acctylsulfuric  acid,  CH3CCXr>S03H,  the  forma¬ 
tion  of  whicli  has  been  assumed  by  many  investigators  after  Franchimont  [2].  No  characteristics  confirming  the 
presence  of  this  compound  have  been  reported,  however.  Furthermore,  no  one  has  succeeded  in  isolating  the  hypo¬ 
thetical  acctylsulfuric  acid  from  the  solution.  According  to  the  data  of  Russel  and  Cameron  [5]  the  system  sulfuric 
acid  — acetic  anhydride  has  a  considerably  greater  hydrogen  ion  activity  than  that  of  sulfuric  acid.  It  is  not  probable 
that  acctylsulfuric  acid,  if  we  assume  its  formation  in  the  system,  would  have  such  strong  "ultra-acid"  properties. 
Finally,  on  the  basis  of  our  observations  [1.?]  the  formation  of  a  mixed  anhydride  similar  to  acctylsulfuric  acid  in 
the  system  acetic  anhydride— nitric:  acid  is  accompanied  by  an  expansion  of  the  system,  i.e.,  AA  has  negative 
values.  In  the  present  case  we  observe,  on  the  contrary,  very  considerable  positive  values  of  AA.  Apparently  acetyl- 
sulfuric  acid  is  not  formed  in  the  system. 

It  is  interesting  to  note  that  Gillespie  [7],  in  order  to  explain  a  slight  but  distinct  decrease  in  the  freezing 
point  depression  witli  an  increase  in  the  concentration  of  acetic  anhydride,  assumed  the  existence  in  the  solution 
of  a  certain  amount  of  the  cation  of  acetic  anhydride  (CH3C0)20H^. 

The  hypothesis  oi  Leisten  [8]  concerning  the  formation  of  sulfur  trioxide  in  the  mixtures  [Equations  (6)  and 
(7)]  by  the  reaction  of  one  mole  of  acetic  anhydride  with  three  moles  of  sulfuric  acid  does  not  agree  with  the 
cx[X'rimcntal  data  obtained  by  us  on  the  density,  viscosity,  and  index  of  refr.’ction  of  the  system.  It  is  completely 
probable  that  bcisten's  equilibrium  occurs  in  tiie  region  of  a  very  great  excess  of  sulfuric  acid  and  loses  its  signi¬ 
ficance  when  the  concentration  of  the  latter  compound  decreases. ^  ^ 

*  f 

Thus,  we  rest  with  the  hypothesis  that  a  complex  compound  is  formed  in  the  system  and  dissociates  to  a 
considciable  extent  into  (CH3CO)pH^  and  IISO4  ions  A  similar  compound  of  benzoic  anhydride  with  sulfuric 
acid  is  known  in  the  solid  state  [6] 

Furthermore,  the  process  of  sulfonation  of  the  acetic  anhydride  with  the  formation  of  sulfoacetic  acid  ap¬ 
parently  gradually  t;..,es  place  in  the  system. 

SUMMARY 

* 

1.  The  density  at  0,  2S,  and  40.6",  the  viscosity  at  0  and  25",  and  the  index  of  refraction  at  25"  have  been 
determined  in  the  system  acetic  anhydride  — sulfuric  acid  directly  after  mixing  of  the  components. 

2.  The  increment  in  the  atomic  concentration  in  comparison  with  its  additive  value,  the  viscosity,  and  the 
index  of  refraction  of  the  system  acetic  anhydride— sulfuric  acid  directly  after  mixing  indicate  a  reaction  in  the 
system  which  takes  place  with  the  participation  of  one  mole  of  acetic  anhydride  and  one  mole  of  sulfuric  acid. 

A  hypothesis  is  offered  that  this  reaction  leads  to  the  formation  of  a  complex  product,  which  dissociates  into  an 
acetic  anhydride  cation  and  a  hydrosulfate  ion.  In  the  process  of  formation  of  the  addition  product,  the  acetic 
anhydride  fulfills  the  function  of  a  base. 

The  density  at  0  and  25"  and  the  viscosity  at  0,  25,  and  40.6"  of  the  system  (CH3C0)20  —  H2S04  have  been 
determined  18  days  after  the  time  of  preparation  of  the  mixtures,  and  also  the  density  of  the  system  at  0,  25  and 
40.6"  .88  days  after  the  time  of  preparation.  In  these  m.easurements  a  further  increase  in  the  atomic  concentration 
and  the  viscosity  of  the  system  with  time  was  observed.  It  was  determined  that  there  is  a  shift  in  the  maxima  of  the 
atomic  concentration  and  the  viscosity  in  tlie  direction  of  an  equimolecular  compo-sition  of  the  components.  The 
change  in  the  atomic  concentration  and  the  viscosity  reflects  a  process  of  sulfonhtion,  as  a  result  of  which  sulfo¬ 
acetic  acid  is  formed  in  the  system. 
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The  formation  of  sulfoacetic  acid  in  the  system  acetic  anhydride-sulfuric  acid  has  already  been  reported 
bv  Franchimont  [1],  who  considered  that  all  tl.e  sulfuric  acid  was  converted  to  sulfoacetic  acid  when  a  mixture  of 
acetic  anhydride  and  sulL'ric  acid  in  the  ratio  2:1  was  heated  to  120-130“.  Stillich  [2]  isolated  the  sulfoacetic  acid 
from  a  heated  mixture  of  sulfuric  acid  and  acetic  anhydride  in  the  form  of  its  salt  with  3-N-(p-nitrophenyl)-2- 
rnclhyl-6-nitro-3,4-dihydroquinazoline. 

Of  the  research  during  the  last  two  decades,  the  following  investigations  arc  of  interest:  the  investigation  of 
the  relationship  of  the  pH  of  the  medium  to  the  amount  of  acetic  anhydride  added  to  the  sulfoacetic  acid  [3],  the 
study  of  the  kinetics  of  tlie  reaction  producing  the  sulfoacetic  acid  [4],  and  the  mechanism  proposed  for  the  forma¬ 
tion  of  sulfoacetic  acid  in  mixtures  of  acetic  anhydride  and  sulfiuic  acid  [5]. 

In  order  to  verify  tiic  hypothesis  that  volume  changes  in  the  system  (CHsCOJjO— H2SO4,  when  it  is  subjected 
to  prolonged  storage,  are  due  to  the  formation  of  sulfoacetic  acid,  we  prepared  an  "artificial  system"  from  sulfo- 
acetic  acid,  acetic  acid,  acetic  anhydride,  and  sulfuric  acid.  The  "artificial  system"  corresponded  in  composition 
to  the  system  acetic  anhydride— sulfuric  acid  under  the  conditions  of  the  completed  process  of  sulfonation  with  the 
formation  of  sulfoacetic  acid. 

The  sulfoacetic  acid  was  prepaicd  by  us  by  Stillich’s  [6]  and  Collmann’s  [”]  method,  by  the  reaction  of 
rnonochloroacetic  acid  with  sodium  sulfite.  According  to  the  data  in  the  literature,  this  method  yields  the  acid 
free  of  impurities  [6,  S].  For  the  synthesis  we  used  rnonochloroacetic  acid  boiling  over  the  range  184.5-186". 

In  isolating  the  free  sulfoacetic  acid  from  its  barium  salt,  wc  avoided  the  introduction  of  excess  sulfuric  add. 
We  analyzed  tlie  barium  salt  for  its  barium  sulfate  content  and  total  barium  content  (the  barium  sulfate  appeared 
in  the  salt  in  the  synthetic  process  as  a  result  of  sulfate  impurity  in  the  sodium  sulfite).  To  an  aqueous  suspension 
of  barium  sulfoacetatc  was  added  the  exactly  calculated  amount  of  sulfuric  acid  required  for  liberation  of  the 
sulfoacetic  acid.  After  several  hoiu:s  stirring,  the  barium  sulfate  that  had  precipitated  was  filtered  off.  The  absence 
of  Ba^^  and  804^  ions  was  checked  in  the  filtrate.  Then  the  filtrate  was  evaporated  on  a  water  bath.  When  the 
filtrate  attained  the  consistency  of  castor  oil,  it  was  seeded  by  the  introduction  of  a  crystal  of  sulfoacetic  acid. 

The  crystals  that  precipitated  were  quickly  filtered  in  vacuum, dried  with  sulfuric  acid,  and  air  was  passed  through 
the  filter.  The  precipitate  on  the  filter  was  washed  twice  with  ether. 

The  crystals  of  sulfoacetic  acid  were  very  hygroscopic  and  deliquesced  in  the  air.  To  remove  the  remaining 
water  of  crystallization,  the  prec  ipitate  was  concentrated  in  vacuum  at  115-152".  As  the  last  amounts  of  water 
were  lost,  the  acid  darkened  noticeably  and  crystallized  when  it  solidified,  even  when  it  was  diluted  with  an  equi- 
molecular  quantity  of  acetic  acid.  We  therefore  decided  to  use  in  our  work  sulfoacetic  acid  containing  0.5  mole 
of  water.  This  acid  contained  0.5  mole  of  water  and  had  a  concentration  of  9 93.987'’ according  to  data  from 
a  titration  with  0.1  N  NaOH  with  phenolphthalein,  and  94.167c  according  to  its  sulfuric  acid  content). 
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Wc  set  lip  as  a  goal  the  preparation  of  mixtnreswith  sulfoacctic  acid  that  '.sonid  corresponvi  in  composition 
to  the  mixtures  of  acetic  anhydride  and  sulfuric  acid  under  final  conditions  of  the  reaction  between  them  to  form 
sulfoacetic  acid.  The  amount  of  acetic  acid  in  these  mixtures  was  equimolecular  with  the  sulfoacetic  acid.  The 
composition  of  the  mixtures  was  expressed  in  volume  percent  of  the  starting  components— sulfuric  acid  and  acetic 
anhydride.  The  water  which  was  introduced  with  the  sulfuric  acid  was  not  taken  into  account  in  calculating  the 
percent  composition.  Thus,  a  mixture  corresponding  to  36  vo)  *70 of  sulfuric  acid  (Table  1)  consisted  of  an  equi¬ 
molecular  mixture  of  sulfoacetic  acid  and  acetic  acid.  To  prepare  mixtures  corresponding  to  a  larger  relative  a- 
mount  of  sulfuric  acid,  we  added  to  the  indicated  mixture  the  calculated  amount  of  sulfuric  acid.  To  prepare  mix¬ 
tures  corresponding  to  a  smaller  amount  of  H2SO4  we  added  acetic  anhydride  to  this  mixture. 


TABLE  1.  Density  (d)  and  Deviation  of  Density  from  the  Addi¬ 
tive  Value  (Ad)  of  a  System  "Artificially"  Prepared  from 
Sulfoacetic  Acid  at  25* 


Composition  of  mixtures 
(in  vol 

n,so,  j  (CH.co.o 

d 

<^i 

id 

0.(11) 

KMl.OO 

1.0721 

1.0721 

().()( i(  10 

1.5.(M) 

85.00 

1.2426 

1.1812 

0.0614 

25.(10 

75.00 

1.3651 

1.2511 

0.1150 

30.00 

70.00 

1.4236 

l.:i885 

0.13S5 

36.00 

64.00 

1.4890 

1.3253 

0.1637 

40.01 

59.90 

1.5200 

1.35.53 

0.1647 

45.31 

54.69 

1.55SS 

1 .3953 

0  1635 

50.02 

49.98 

1.5915 

1.4311 

0.1604 

60.01 

39.99 

1.6560 

1.5111 

0.1449 

70.01 

29.99 

1.7115 

1.5866 

0.1249 

80.01 

19.99 

1.7585 

1 .6666 

0.U919 

1(K).00 

0.00 

1.8314 

1.8314 

0.0000 

In  calculating  the  volume  changes  in 
the  system  wc  considered  an  equimolecular 
mixture  of  sulfoacetic  acid  and  acetic  acid 
as  an  equimolecular  mixture  of  acetic  anhydride 
and  sulfuric  acid.  The  ideal  density  of  the  sys¬ 
tem  (dj)  was  determined  as  the  quotient  from 
the  division  of  the  sum  of  the  amounts  by 
\vcight  of  siilfiuic  acid,  acetic  anhydride,  and 
water  constituting  the  given  mixture  by  the 
sum  of  the  volumes  which  these  amounts  oc¬ 
cupied.  Tlius,  Ad  represents  a  value  character¬ 
izing  the  formation  of  sulfoacetic  acid  from 
acetic  anhydride  and  sulfuric  acid.  The  devia¬ 
tions  of  the  density  obtained  from  the  additive 
value  was  compared  with  the  corresponding 
values  in  the  system  (CH3C0)20— H2SO4. 

In  Table  1  the  composition  of  the  mix¬ 
tures  of  the  "artificial  system"  prepared  from 
sulfoacetic  acid,  the  density  of  the  mixtures, 
and  the  values  of  dj  and  Ad  are  given. 


In  Fig.  1,  Curve  4  represents  the  isotherm  for  Ad  of  the  system  prepared  from  sulfoacetic  acid  at  25’;  Curves 
1-3  are  the  isotherms  for  Ad  of  the  system  acetic  anhydride- sulfuric  acid  under  various  conditions. 


It  was  natural  to  expect  tliat  the  water  which  was  introduced  into  the  mixture  together  with  tlie  sulfoacetic 
acid  would  affect  the  shape  of  the  isotherm  for  Ad  of  the  "artificial  system."  In  order  to  evaluate  its  effect,  we 
added  water  to  the  mixtures  of  the  system  (CH3C0)20—H2S04  which  had  been  stored  for  a  long  time.  Tlie  water 
was  added  to  each  mixture  in  a  i  molar  amount  with  respect  to  the  amount  of  sulfoacetic  acid  which  might  be  formed 
in  the  mixture  under  conditions  of  completion  of  the  sulfonation  process.  Thus,  in  the  case  of  mixtures  in  which 
the  number  of  moles  of  sulfiuic  acid  exceeded  the  number  of  moles  of  the  anhydride,  water  was  added  in  half¬ 
molar  amount  with  respect  to  the  acetic  anhydride.  On  the  other  hand,  water  was  added  in  half-molar  amount  with 
respect  to  the  sulfuric  acid  to  those  mixtures  in  which  the  number  of  moles  of  acetic  anhydride  exceeded  the 
number  of  moles  of  sulfiuic  acid.  The  density  of  the  mixtures  prepared,  diluted  and  undiluted,  was  determined  at 
25’ (Table  2,  Fig.  2). 

A  comparison  of  the  isotherms  for  Ad  of  the  system  (CH3C0)20-H2S04  at  different  times  and  the  isotherms 
for  Ad  of  the  "artificial  system"  permitted  the  following  observations. 

The  isotherms  of  the  two  systems  passed  through  a  maximum.  The  shap>e  and  position  of  the  maximum  of 
the  curves  was  not  the  same  if  the  system  acetic  anhydride-sulfuric  acid  was  measured  directly  after  mixing.  On 
the  other  hand,  after  the  mixtures  of  acetic  anhydride  and  sulfuric  acid  had  been  held  at  room  temperature,  the 
shape  of  the  isotherms  for  the  two  systems  became  identical.  The  maximum  Ad  for  both  systems  under  these  condi¬ 
tions  corresponded  to  40  vol  '7'’ of  sulfuric  acid.  The  absolute  values  of  Ad  for  all  mixtures  in  the  "artificial  sys¬ 
tem"  were  somewhat  larger  than  in  the  system  (CH3CO)20  —  H 2804.  This  indicates  that  the  process  of  sulfonation 
was  not  yet  completed  at  the  time  of  the  last  measurements  in  the  system  (8  months  from  the  time  of  preparation 
of  the  mixtures).  Furthermore,  slight  side  processes  which  increase  as  the  temperature  is  raised  apparently  take 
place  in  the  system.  This  is  indicated  by  the  red -brown  color  which  the  mixtures  acquired  in  the  course  of  time. 
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Fig.  1.  Deviation  of  density  from  the  additive 
value  for  the  "artificial  system"  and  the  system 
(CH2C0)20- H2SO4: temperature  25":  1)  Ad  of 
system (C:H3C0)20-H2S04  directly  after  prepara¬ 
tion;  2)  Ad  after  38  days;  3)  Ad  after  8  months; 
4)  Ad  of  "the  artificial  system." 


Fig.  2.  Deviation  of  density  from  the 
additive  value  for  the  system  (CH8CO)20“ 
—  H2SO4;  temperature  25";  1)  Ad  without 
dilution  ;  2)  Ad  after  dilution  with  water. 


TABLE  2.  Deviation  of  Density  from  the  Additive  Value  (Ad)  for  the  System  (CH3C0)20— 
—  H2SO4  after  Prolonged  Holding  before  Dilution  with  Water  and  after  Dilution  at  25" 


Composition  of  mixture* 

(In  vol  "A) 

Before  dilution  with  \/ater 

After  dilution  with  water 

n.so. 

(CHaCOhO 

d 

id 

d 

id 

0.(X) 

100.00 

1.0721 

0.0000 

10.21 

89.79 

1.1932 

0.a435 

1.1898 

0.0447 

19.7G 

80.24 

1.3213 

0.0991 

1.3144 

0.0995 

24.81 

75.19 

1 .3834 

0.1229 

1.3717 

0.1218 

29.62 

70.38 

1.4304 

0.1334 

1.4127 

0.1301 

34.30 

65.70 

1.4701 

0.1375 

1.4469 

0.1328 

39..5S 

60.42 

1.5118 

0.1392 

1.4881 

0.1359 

46.43 

53.57 

1.5634 

0.1.388 

1.5405 

0.1.367 

54.59 

4.5.41 

1.6168 

0.1302 

1  ..5963 

0.1300 

59.23 

40.77 

1.6433 

0.1214 

1.6244 

0.1222 

64.17 

35.83 

1.6703 

0.1110 

1.6525 

0.1118 

69  26 

30.74 

1.6970 

0.0990 

1.6805 

0.0997 

79.34 

20.66 

1 .7434 

0.0688 

1.7322 

0  0707 

89.93 

10.07 

1.7893 

0.03i3 

1.7837 

0.0360 

100.00 

0.00 

1.8314 

0.0000 

— 

— 

Dilution  with  water  of  the  mixtures  of  acetic  anhydride  and  sulfuric  acid  after  prolonged  standing  (Fig.  2) 
did  not  lead  to  an  essential  change  in  the  shape  of  the  isotherm  and  the  absolute  value  of  Ad,  We  therefore  con¬ 
sidered  it  possible  to  compare  the  isotherms  1-3  with  isotherm  4  (Fig.  1). 

It  is  interesting  that  the  addition  of  water  to  mixtures  containing  less  than  20  vol  or  more  than  55  vol  % 
of  sulfuric  acid  was  accompanied  by  a  slight  increase  in  Ad.  Addition  of  water  to  mixtures  lying  within  this  con¬ 
centration  range  was  accompanied  by  a  noticable  decrease  in  Ad.  This  decrease  may  have  been  due  to  the  fact 
that  the  reaction  of  sulfoacetic  acid  with  water  is  not  accompanied  by  a  sufficient  contraction  effect  to  exceed 
the  opposite  effect  caused  by  the  decrease  in  tlie  number  of  mcleculcs  of  sulfoacetic  acid  per  unit  volume  because 
of  the  introduction  of  the  water.  It  also  is  possible  that  this  decrease  in  volume  is  explained  by  the  decomposition 
of  a  reaction  product  of  sulfoacetic  acid  with  acetic  acid  or  with  some  other  component  of  the  system  when  water 
is  added. 

"For  diluted  mixture.s  the  percentages  were  nominal,  without  taking  into  account  the  amount  of  water. 
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The  volume  ch.mges  cb?ervcd  when  ^iilfoacetic  arid  containing  0.5  mole  of  water  was  mixed  with  arctic 
acid  show  somewhat  greater  contraction  (according  to  data  from  a  previous  calculation)  than  that  which  might  be 
expected  even  under  the  conditions  where  all  of  the  water  contained  in  the  system  reacts  with  the  acetic  acid  to 
form  hydrates.  It  therefore  may  be  assumed  that  the  acetic  acid  combines  in  some  way  with  the  sulfoacetic  acid. 
This  assumption  explains  the  fact  reported  in  the  literature  that  even  heating  acetic  anhydride  with  sulfuric  acid 
to  160“  is  insufficient  to  drive  off  all  the  acetic  acid  from  it  [1], 

SUMMARY 

1.  The  density  at  25“  and  the  calculated  deviations  of  the  density  from  the  additive  value  have  been  deter¬ 
mined  in  an  "artifical  system"  which  was  made  up  from  sulfoacetic  acid  (containing  0.5  mole  of  water),  acetic 
acid,  acetic  anhydride,  and  sulfuric  acid  and  corresponded  in  composition  to  the  system  acetic  anhydride— sulfuric 
acid  in  the  condition  where  the  formation  of  sulfoacetic  acid  had  been  completed. 

Investigation  of  the  shape  of  the  isotherm  for  the  deviation  of  the  density  from  the  additive  value  for  the 
"artificial  system"  confirmed  that  the  principal  process  in  the  system  (CH3C0)20-H2S04  during  a  prolonged  hold¬ 
ing  period  was  the  formation  of  sulfoacetic  acid. 

2.  The  density  at  "5“  was  determined  and  the  isotherm  for  the  deviation  of  the  density  from  the  additive 
value  was  constructed  for  the  system  (Cn3CO)2C''  — H25O4  with  water  added  in  an  amount  corresponding  to  half¬ 
molar  with  respect  to  the  amount  of  sulfoacetic  acid  formed  in  the  system.  Pilution  of  the  system  with  the  indicated 
amojints  of  water  slightly  changed  the  deviation  of  the  density  from  the  additive  value  (Ad)  and  in  the  main  did 
not  change  the  form  of  the  isotherm. 


LITERATURE  CITED 

1.  M.  Franchimont,  Compt.  rend.  £2,  1054(1881). 

2.  O.  Stillich.  Ber.  Chem.  1241  (1905);^.  3115(1903). 

3.  J.  Russell  and  A.  E.  Cameron.  J.  Am.  Chem.  Soc.  1345(1938). 

4.  T.  F  Murray  and  W.  O.  Kenyon,  J.  Am.  Chem.  Soc.  1230(1940). 

5.  H.  A.  0.  Mackenzie,  Chem.  Abs.  3692f(1951). 

6.  O.  Stillich.  J.  pr.  Ch.  73.  538  (1906). 

7.  A.  Collmann,  Lieb.  Ann.  148,  109(  1868). 

8.  C.  Suter,  Chemistry  of  Organic  Sulfur  Compounds  (1950)  Part  1,  p.  158. 


2098 


THERMAL  ANALYSIS  OF  THE  TERNARY  SYSTEM  A  C  E  T  A  M I D  E  -  A  C  E  T IC  ACID- 
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We  have  investigated  the  ternary  system  acetamide— acetic  acid— phenylacetic  acid  by  the  thermal  method. 
We  set  up  ns  our  proMcm  the  determinn'ion  of  the  behavior  of  acetamide  together  with  two  organic  acids.  Acet¬ 
amide  has  a  high  di<,  lectrie  permeability  in  the  fused  state  (60.3  at  80“)  and  in  connection  with  this  it  should 
readily  dissolve  organic  acids  and  show  .i  polarizing  effect  on  them. 

EXPERIMENTAL 

The  system  was  studied  by  the  polytherm  method;  by  this  process  we  determined  the  temperature  at  which 
the  last  crystals  disappeared. 

The  starting  materials  were  purified  as  follows;  acetamide  by  recrystallization  from  benzene,  m.p.  79.5*; 
acetic  acid  by  freezing  out,  m.p.  16.6“.  Phenylacetic  acid  of  chemically  pure  grade,  m.p.  75*,  was  used. 

BINARY  SYSTEMS 

The  system  acetamide- acetic  acid  was  investigated  with  respect  to  its  fusion  by  V.  L.  Albanskii  [1]  and  this 
was  repeated  by  us.  Tlie  existence  in  it  of  a  compound  with  a  1:1  composition  with  a  hidden  maximum  was  estab¬ 
lished.  The  eutectic  points  lay  at  28.5  mole  of  acetamide  and  -17“  and  at  48.5  mole  ^oof  acetamide  and 
-2.4“. 

Ttie  system  acetic  acid  — phenylacetic  acid  had  been  studied  by  us  previously  [2]  and  was  characterized  by 
a  eutectic  point  with  m.p.  42“  at  23  mole  ‘a’ of  phenylacetic  acid. 

Tlie  system  acetamide- phenylacetic  acid  was  studied  by  us.  The  fusion  diagram  is  characterized  by  a 
eutectic  with  m.p.  3“  at  47  mole  ‘’/p  of  acetamide.  The  data  fca:  this  system  are  given  in  the  table  and  Fig.  1. 

SECTIONS  THROUGH  THE  TERNARY  SYSTEM 

To  develop  the  surface  of  crystallization  of  the  ternary  system,  we  investigated  11  sections  in  the  directions 
indicated  in  Fig.  5.  The  numbers  of  the  sections  correspond  with  the  numbers  of  the  curves  in  Figs.  2-4. 

In  investigating  the  sections  2,  3,  and  4  in  the  region  of  the  eutectic  points  ajfFig.  3,  4),  and  also  section 
8  at  the  point  a  (Fig.  2),  we  observed  strong  supercooling.  The  liquid  became  viscous  and  occluded  air,  which 
hampered  the  determination.  In  sections  5,  6,  and  7  in  the  region  of  temperatures  close  to  the  eutectic  points 
formation  of  crystals  did  not  occur.  The  liquid  became  very  viscous  at  first,  and  then,  upon  further  cooling,  solid¬ 
ified  to  a  transparent,  glassy  mass. 

Therefore,  in  the  indicated  sections  close  to  the  eutectic  points  we  recorded  not  the  temperatures  of  dis¬ 
appearances  of  the  last  crystals,  but  the  softening  temperatures  of  the  mixtures.  In  Figs.  2-4,  and  also  in  the  diagram 
of  the  fusion  isotherms  of  the  ternary  system  (Fig.  5)  these  regions  are  indicated  by  broken  lines. 
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0  io  ^0  60  80  100 


Mole  % 

Fig.  1.  Fusion  curves:  I)  phenylacetic  acid  — 
acetamide;  II)  acetic  acid  — acetamide. 


0  P.Q  vj  so  SO  100 


Mole  '7a 

Fig.  3.  Curves  of  crystallization  in  sections 
2.  3.  3.  11. 


Melting  Points  of  Binary  Mixtures  in  the  System  Phenyl¬ 
acetic  Acid  — Acetamide 


Mole  7'CH5C0NH2 

Melting  Point 

0.00 

74.0“ 

5.0 

69.5 

10.0 

66.6 

15.0 

62.5 

20.0 

57.5 

25.0 

52.3 

30.0 

45.2 

35.0 

36.3 

40.0 

24.0 

45.0 

9.5 

50.0 

14.0 

55.0 

27.5 

60.0 

38.2 

75.0 

61.0 

0  20  W  SO  80  100 


Mole  ’’Jo 

Fig.  2.  Curves  of  crystallization  in 
sections  1,  B.  8,  10. 


0  20  ^0  60  60  100 


Mole 

Fig.  4.  Curves  of  crystallization  in 
sections  4,7,  9. 


On  the  basis  of  our  data  we  constructed  a 
Fusion  diagram  of  the  ternary  system  acetamide- 
acetic  acid— phenylacetic  acid  and  plotted  the  iso¬ 
therms  for  each  10“  (Fig.  5). 

The  fusion  diagram  obtained  includes  4  fields 
of  crystallization;  three  fields  for  the  pure  compo¬ 
nents  and  one  field  for  the  compound  CH3CONH2' 
•CH3COOH. 

In  the  system  there  are  two  triple  eutectic 
points:  E,  with  30.5  mole  ‘7’ acetamide,  37  mole  ‘7’ 
acetic  acid,  and  20.5  mole  7o  phenylacetic  acid  at 
-38“,  and  E2  with  20  mole  7’ acetamide.  19  mole  % 
acetic  acid,  and  55  mole  7>  phenylacetic  acid  at 
-25“. 


2100 


79.6“ 


SUMMARY 

1.  The  system  acetamide- acetic  acid-phenylacetic  acid  has  been  investigated  by  the  thermal  method. 

2.  llic  absence  of  a  chemical  reaction  in  the  binary  system  acetamide—  phenylacetic  acid  has  been  estab¬ 
lished. 

3.  A  compound  found  in  the  binary  system  acetamide— acetic  acid  exists  in  the  ternary  system,  where  its 
region  of  crystallization  is  reduced  as  the  phenylacetic  acid  content  increases. 

4.  It  has  been  established  that  acetamide  in  the  presence  of  acetic  and  phenylacetic  acids  with  approximately 

equal  proportions  of  the  components  does  not  give  a  crystalline  structure  with  easily  differentiated  crystalline 
particles,  but  forms  a  continuous,  solid,  transparent,  glassy  mass,  which  passes  over  to  a  liquid  condition  with  an 
increase  in  temperature.  This  phenomenon  is  associated  with  tlie  sharply  increasing  viscosity  of  the  medium  at 
temperatures  close  to  the  freezing  point.  , 
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Invcstic^ators  have  shown  considerable  interest  in  diox.anc  because  it  is  a  cood  solvent  for  various  classes  of 
organic  and  inorganic  compounds.  The  presence  in  dioxane  of  two  atoms  of  oxygen  wliich  can  be  electron  donors 
is  responsible  for  its  capacity  for  complex  formation. 

In  the  present  work  we  present  the  results  of  a  determination  of  the  heats  of  mixing  of  dioxane  with  chloro¬ 
form  and  o-toluidine.  Tlie  method  of  determining  the  heats  of  mixing  has  been  described  previously  [1,  2].  The 
components  were  purified  in  the  following  manner.  The  dioxane  was  distilled  after  prolonged  storage  over  calcium 
cliloridc.  The  distillate,  which  was  condensed  over  the  range  100.5-100.7®,  was  frozen  out  at  6-7°.  Then  the  crystals 
were  freed  of  the  liquid  pha.se  and  were  transferred  to  a  flask  with  metallic  sodium,  .^fter  standing  for  10  days  and 
being  boiled  for  6  hours  with  tlie  metallic  sodium,  the  dioxane  was  distilled.  For  the  work,  the  fraction  boiling  at 
101.3- 101.5°  (757  mm)  was  collected.  The  dioxane  purified  in  this  way  froze  completely  at  12.2°  and  had  the 
constants  d|'’  1.0351  and  np  1.4228.  The  o-toluidine,  after  drying  with  potassium  hydroxide,  was  fractionally  dis¬ 
tilled.  For  the  work,  the  fraction  boiling  at  199.5-200.1°  (755  mn:.),  d^  0.9984,  n^  1.5726  was  used.  Tlic  washed 
and  dried  chloroform  after  2  distillations  had  tlie  b.p.  61.1°  (750  mm),  df  1.4893,  n^  l.‘:1457.  The  results  of  the 
determination  of  the  heats  of  mixing  of  dio.xane  with  chloroform  are  given  in  Table  1  and  Fig.  1. 


TABLE  1.  Heats  of  Mixing  of  Dioxane  with  TABLE  2.  Heats  of  Mixing  of  Dioxane  with 

Chloroform  o-Toluidine 


C4H804 

Q(cal/ 

Oi(cal/ 

(?ji  (cal/ 

C2Hg02 

“1 

0(cal/ 

Oj (cal/ 

Oil  (cal/ 

(in  mole 

/mole  of 

/mole  of 

/mole  of 

(in  mole 

/mole  of 

/mole  of 

/mole  of 

7<') 

mixture) 

dioxane) 

chloro- 

% 

mixture) 

dioxane) 

o-toluidine) 

form) 

0  00 

0.0 

0 

0 

0.0 

0 

0 

0 

20.00 

167.0 

835 

209 

18.5 

361.3 

1950 

443 

30.00 

226.4 

755 

334 

21.5 

390.8 

1818 

498 

40.00 

270.8 

677 

452 

37.0 

485.8 

1313 

771 

50.00 

290.7 

582 

582 

43.5 

496.5 

1141 

868 

60.00 

268.2 

447 

671 

48.0 

488.9 

1020 

940 

70.00 

216.9 

310 

723 

52.0 

460.9 

886 

960 

80.00 

155.6 

195 

778 

59.0 

413.6 

701 

1009 

100.00 

0.0 

0 

0 

70.0 

305.0 

438 

1018 

79.0 

228.3 

288 

1087 

From  the  data  presented  it  can  be  seen  that  the 

100.0 

0 

0 

0 

curve  for  the  heats  of  mixing  of  dioxane  with  chloro- 

fOTm  passes  tlirough  a  maximum  corresponding  to  43.44 

mole  7i>of  dioxane,  i.e.,  somewhat  in  the  direction  of  the  composition  of  the  compound  C4Hg02  •  CHCI3.  which  is  formed 
in  the  system.  It  is  known  that  such  a  deviation  indicates  that  the  complex  compound  obtained  is  subject  to 
thermal  dissociation  into  the  components.  Frequently  the  degtee  of  decomposition  is  so  considerable  that  it  appears 
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impossible  to  accurately  csLiblish  the  composition  of  the  ci'mpoiind  from  the  maximum  in  the  curve  of  the  heats 
of  mixing.  Consequently,  in  a  number  of  cases  for  irrational  systems  the  results  of  the  measurements  of  the  heats 
of  mixing  expressed  in  calories  per  mole  of  mixture  permit  a  statement  of  the  presence  of  a  chemical  reaction 
between  the  components,  but  cannot  reliably  indicate  the  composition  of  the  compound. 


Fig,  1.  Heats  of  mixing  of  dioxane  with  Fig.  2.  Heats  of  mixing  of  dioxane  with 

chloroform;  explanation  in  the  text.  o-toluidine;  explanation  in  the  text. 

In  work  by  one  of  us  with  Yu.  A.  Lysenko  [3]  it  has  been  shown  ^liat  for  a  system  in  which  a  reaction  occurs 

A+sB^tAB., 

more  reliable  evidence  of  reaction  between  the  components  can  be  obtained  by  calculation  of  the  heat 
effects  for  1  mole  of  each  component  of  the  system.  The  results  of  such  calculations  for  the  system  dioxane— chloro¬ 
form  are  given  in  Table  1  and  Fig.  1.  As  can  be  seen  in  Fig.  1,  the  point  of  intersection  of  the  curves  corresponds 
to  an  equimolar  ratio  of  the  components.  Thus,  the  calculation  of  the  heats  of  mixing  for  1  mole  of  each  of  the 
components  of  the  system  gives  a  more  descriptive  picture  of  the  chemical  reaction  and  permits  the  conclusion 
that  in  the  system  studied  by  us  a  compound  of  the  composition  C4H8O2  CHCI3  is  formed. 

In  Table  2  and  Fig.  2  the  results  of  the  measurements  of  the  heats  of  mixing  of  dioxane  with  o-toluldine  are 
given.  The  heat  effects  calculated  both  for  1  mole  of  the  mixture  and  for  1  mole  of  each  of  the  components  show 
that  a  compound  of  the  composition  C4HgC>2  C6H4a-l3NH2  is  formed  in  the  system. 

Thus,  the  isotherms  of  the  heats  of  mixing  indicate  the  formation  in  the  systems  dioxane— chloroform  and 
dioxane— o-toluidine  of  molecular  compounds  originating,  probably,  as  a  result  of  a  hydrogen  bond.  The  small 
values  of  the  heats  of  mixing  indicate  that  the  complex  compounds  obtained  are  strongly  dissociated.  We  also  ob¬ 
serve  the  same  picture  for  the  system  dioxane— aniline  [4],  where  the  maximum  heat  of  mixing  of  the  componentSt 
used  in  the  ratio  1:1,  is  354. G  cal/mole  of  mixture  at  24*.  With  an  increase  in  the  temperature  its  value  decreases. 
For  example,  at  40*  it  is  339.3,  and  at  60“  it  is  289.8  cal/mole  of  mixture. 

The  presence  of  a  chemical  reaction  in  the  systems  dioxane-  chloroform  and  dioxane— toluidine  is  indicated 
by  the  results  of  an  investigation  of  the  electrical  properties  of  the  systems  carried  out  by  one  of  us  together  with 
I.  K.  Shelomov  [5].  Tliese  data  show  that  the  maximum  deviations  in  the  dielectric  constant,  polarization,  and 
dipole  moment  occur  at  a  composition  corresponding  to  the  complex  compound  formed. 
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SUMMARY 


1.  The  heats  of  mixing  of  dioxane  with  chloroform  and  o-toluidine  have  been  determined  for  the  entire 
concentration  range. 

2.  It  has  been  shown  that  for  a  system  with  a  chemical  reaction  it  is  expedient  to  carry  otit  a  calculation 
of  the  heats  of  mixing  for  1  mole  of  each  of  the  components. 
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According  to  data  in  the  literature,  technical  titanium  tetrachloride  prepared  by  the  chlorination  of  oxide 
matciiais  v.iUi  chlctinc  in  the  presence  of  caroon  may  contain  chloroacetyl  chlorides  [I,  2].  In  the  present  work 
wc  have  investigated  the  liquid-vapor  phase  equilibria  in  the  binary  systems  TiCl4~CH2ClCOCl  and  TiCl4“ 

—  CCl3CC')Cl  in  order  to  determine  the  efficiency  of  rectification  for  the  purification  of  titanium  tetrachloride 
from  ilicsc  contaminants.  Besides  the  study  of  the  equilibria  mentioned,  we  have  determined  the  vapor  pressures 
of  tl*c  individual  mono-  and  trichloroacetyl  chlorides  and  also  that  of  titanium  tetrachloride  at  different  tempera¬ 
tures. 

The  mono-  and  trichloroacetyl  chlorides  were  prepared  by  the  action  of  thionyl  chloride  on  the  correspond¬ 
ing  chloroacctic  acids.  The  acid  chlorides  obtained  were  purified  by  fractional  distillation  twice  on  a  cap  column 
with  an  efficiency  cf  approximately  10  liicoretical  plates  at  a  reflux  value  of  10.  For  the  investigation  we  used 
fractions  that  distilled  over  at  constant  temperatures  within  limits  of  0.1*.  Pure  titanium  tetrachloride  was  prepared 
from  the  technical  product  by  two  fractional  distillations  on  the  column  mentioned.  The  first  fractionation  was 
combined  with  the  operation  of  chemical  purification  of  the  titanium  tetrachloride  from  vanadium,  for  which 
purpose  copper  turnings  in  the  amount  of  107oby  weight  of  the  titanium  tetrachloride  were  placed  in  the  pot  of 
the  column.  After  operating  the  column  with  complete  return  reflux  for  2  hours,  collection  of  the  distillate  was 
started  with  a  reflux  value  of  about  10.  The  fraction  of  TiCl4  that  distilled  off  at  constant  temperature  within 
limits  of  0.2*  was  refractionated.  For  the  investigation  we  selected  a  frabtion  of  titanium  tetrachloride  that  distilled 
off  in  the  second  fractionation  within  a  temperature  interval  of  ^0.1*. 

The  products  thus  purified  were  colorless  liquids.  The  boiling  points  of  the  TiCl4,  CHjClCOCl,  and  CCI3COCI 
at  760  mm  were  136.5,  106.0,  and  118.1°,  respectively.  The  investigations  of  the  liquid-vapor  phase  equilibria  and 
the  determination  of  tlie  vapor  pressures  of  the  pure  components  were  carried  out  in  a  recirculating  apparatus  by 
the  methods  described  in  detail  in  reference  [3].  Samples  of  the  vapor  condensate  and  the  liquid  phase  were  analyzed 
for  carbon  by  the  combustion  method.  The  amount  of  carbon  found  was  calculated  to  the  corresponding  chloroacetyl 
chloride. 

In  the  process  of  boiling  m.ixtures  of  TiCl4  with  the  chloroacetyl  chlorides  we  at  first  observed  yellowing  and 
then  darkening  of  the  solutions.  It  should  be  noted,  however,  that  the  appearance  of  the  color  was  not  accompanied 
by  a  change  in  the  boiling  point  of  the  solutions  when  they  were  boiled  for  2  hours.  It  was  mainly  the  circulating 
liquid  phase  that  darkened  on  boiling,  while  the  condensate  of  the  distillate  was  only  slightly  colored.  This  phe¬ 
nomenon  apparently  can  be  explained  by  the  formation  of  nonvolatile  products  as  a  result  of  the  reaction  of  the 
components  with  one  another.  It  therefore  is  possible  that  the  compositions  found  by  us  for  the  liquid  and  the  vaptx 
differ  somewhat  from  the  equilibrium  values. 
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The  data  on  the  boiling  points  of  the  TiCl4,  CH2CICOCI,  and  CCI3COCI  arc  given  in  Tabic  1  and  siiown  in 
Fig.  1  with  the  coordinates  log  P  vs.  1/T.  The  results  obtained  lur  titanium  tetrachloride  agree  well  with  the  latest 
data  in  the  literature  [4]. 


TABLE  1.  Boiling  Points  of  TiCl4.  CMzClCOCl.  and  CCI3COCI  at  Different  Pressures 


TICI. 

CH.CICOCI 

CCl.iCOCI 

P  (mm  Hg) 

t 

P(mm  Hg) 

■ 

P  (mm  Hg)  j 

/ 

1.56 

1 

8.5-’ 

1.5.5 

62..5 

200 

76.1 

18.5 

89.9  1 

209 

69.2 

302.4 

88.0 

188 

90  S 

303 

79.0 

412 

97.4 

.310 

10.5.6 

.516 

94.1 

514 

106.5 

427 

1 16.2 

ti'iM 

109  7 

769 

118.1 

610 

12.S.4 

762 

106.2 

842 

121.9 

763 

136.8 

819 

108..5 

SI7 

I39..5 

1 

1 

i 

1 

1/7  W 


Fig.  1.  Vapor  tensions  of  TiCl4, 
CH2CICOCI.  and  CCl3CX)Cl  at 
different  temperatures. 


Fig.  2.  Diagrams  of  boiling  point  vs.  composition  for 
the  systems  TiCl4- CH2C1COC1  and  TiCl4— CCI3COCI: 
1)  TiCl4-CH2ClCOCl:  2)  TiCl4- CCI3COCI. 


The  vapor  pressures  of  the  compounds  investigated  within  the  temperature  interval  studied  can  be  expressed 
by  the  following  equations: 


IhGl  204') 

T  'P  ^GHjCicoci  ~  “  ^.-  +  8.287; 

184.5 

^’cCljCOCI  ~  “  T 

The  molar  heats  of  vaporization  and  the  Truton  constants  calculated  by  means  of  these  equations  are, 
respectively:  8971  cal/mole  and  22.0  for  TiCl4,  9374  cal/mole  and  24.7  for  CH2CICOCI,  and  8441  cal/mole  and 
21.6  for  CCI3COCI.  The  anomalously  high  value  of  the  Truton  constant  for  CH2CICOCI  should  be  noted.  This 
indicates  the  presence  in  this  liquid  of  a  stronger  intermolecular  reaction  than  in  TiCl4  and  CCI3COCI. 

The  liquid- vapor  equilibria  in  the  systems  TiCl4— CH2CICOCI  and  TiCl4— CCI3COCI  were  investigated  at  a 
pressure  of  760  mm.  The  experimental  data  are  given  in  Table  2,  and  also  in  the  "boiling  point- composition"  and 
"liquid  composition— vapor  composition"  diagrams  (Figs.  2  and  3).  From  the  data  obtained,  the  relative  volatilities 
were  calculated  and  diagrams  of  "relative  volatility  vs.  liquid  composition"  were  constructed  (Fig.  4). 
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Fig.  3.  Diagrams  of  liquid  composition  vs. 
vapor  composition  for  the  systems  TiC^  — 
-CH2CICOCI  and  TiCl4-CCl3COCl;  1) 
TiCl4-CH2ClCOCl;  2)  TiCl4- CClgCOa; 
3)  points  of  curves  of  the  ideal  systems 
calculated  from  the  vapor  pressure  of  the 
pure  components. 


Fig.  4.  Diagrams  of  liquid  composition 
vs.  relative  volatility  for  the  systems 
TiCl4-CH2ClCOCl  and  TiCl4- CCI3COCI; 

1)  TiCl4-CH2ClCOCl;  2)  TiCl4-Ca3COa; 
3)  points  of  curves  of  the  ideal  systems. 


From  the  data  obtained  it  follows  that  the  system  TiC^— 

—  CH2CICOCI  differs  greatly  from  the  ideal.  In  it,  apparently, 
there  is  an  azeotrope  with  a  minimum  boiling  point*  .  The  azeo¬ 
tropic  mixture  contains  87  mole  %oi  CH2CICOCI  and  boils 
at  105*.  In  the  region  of  compositions  up  to  41  mole  °]o  of  the 
acid  chloride  in  this  system  a  positive  deviation  from  Raoult’s 
law  is  observed.  This  circumstance  facilitates  purification  of  titanium  tetrachloride  from  monochloroacetyl  chloride 
by  fractional  distillation,  which  can  be  carried  out  without  special  difficulties  as  a  result  of  the  comparatively 
high  relative  volatility  of  the  components  (~3. 9).  Judged  by  the  character  df  the  relationship  a  =  f(x),  there  should 
be  no  azeotrope  in  the  system  under  consideration  in  the  concentration  region  adjacent  to  pure  TiCl4.  When  tech¬ 
nical  titanium  tetrachloride  is  purified  by  rectification,  the  distillate  of  SiCl4  will  contain  chloroacetyl  chloride. 

TABLE  2.  Composition  of  Liquid  and  Vapor  and  Relative  Volatilities  in  the  Systems 
TiCl4— CHgClCOCl  and  TiCl4— CCI3COCI  at  760  mm  Pressure 


System  Tic.i,-cii,cic(K'.i  j  System  Tici,-cci,coci 


i 

CH2CICOCI 

content 

Relative 

Volatility* 

V  .  X 
’  “  1  -1;  '  1  — JC 

i 

• '  -  -r- 

CCI3COC1 

content 

Relative 

Volatility 

.  —  •  * 

~  1— y  1— X 

1 

in  liquid 
(in  mole 

%)  aoox) 

in  vapors 
(in  mole 
‘7o)a00y) 

in  liquid 
(in  mole 
7o)a00x) 

in  vapors 
(in  mole 
7o)a00y) 

136.5° 

0 

0 

1 

136.5° 

0 

% 

0 

13.5.8 

1  12 

3.84 

—  ; 

136.0 

1  ..595 

3.73 

— 

13.5.5 

1 .36 

4.01 

— 

134.2 

8.. 500 

14.40 

1.808 

132.S 

3.28 

1 1 .55 

3.8490 

129.7 

25.45 

36.20 

1.662 

1.30.9 

4.90 

15.67 

3.5950 

1 27.2 

39.30 

51.60 

1.640 

128.8 

7.20 

23..50 

3.9625 

124.2 

55.80 

66.00 

I..540 

118.5 

21. .50 

47.20 

3.2600 

120.5 

79.65 

84.60 

1.405 

118.3 

22.05 

47.311 

3.17.36 

119.9 

83.70 

89.00 

1.576 

1M.1 

31.20 

57.00 

2.92.56 

118.3 

99.00 

99.30 

— 

110.6 

55.10 

65.80 

2.32.50 

1  118.0 

KKKOO 

lOO.(K) 

— 

106.8 

70.00 

78.50 

1.6040 

j 

105.2 

86.00 

87. .50 

1.1400 

105.3 

93..50 

89.00 

0..563 

105.8 

97.00 

96..50 

0.8.54 

1 

106.0 

100.00 

100.00 

— 

i| 

•The  relative  volatility  for  comoositions  of  the  system  which  were  adjacent  to  the 
pure  components  were  not  calculated,  since  the  values  obtained  in  this  region  would 
be  inaccurate. 


•  Tire  possibility  of  formation  in  tliis  system  of  a  chemical  compound  w'hose  boiling  point  corresponds  to  this 
minimum  seems  improbable  to  us. 
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Tlic  presence  of  the  azeotrope  in  the  system  TiCl^— QIjClCOCl  may  decrease  t!ic  efficiency  of  thcroegh  separation 
of  SiCl^  from  tlx*,  titanium  tetrachloride  hy  rectification,  since  the  difference  bet-.veen  the  boiling  point  of  tnc 
indicated  azeotrope  ( 10b")  and  SiCl4(f>7*)  is  considerably  less  than  the  difference  in  boiling  point  of  TiCl4(136*) 
and  SiCl4.  Therefore^  before  carrying  out  "thorough"  separation  of  silicon  tetrachloride  by  rectification,  it  is 
expedient  to  make  a  preliminary  purification  from  chloroacetyl  chloride  by  chemical  means. 

The  system  TiCl4-CCl3COCl,  in  contrast  to  the  foregoing,  did  not  differ  practically  from  the  ideal.  As  can 
be  seen  from  the  data  presented,  the  relative  volatility  of  the  components  in  this  system  is  comparatively  small, 
about  l,.b.  It  therefore  is  considerably  more  difficult  to  free  the  titanium  tetrachloride  of  trlchloroacetyl  chloride 
than  of  monochloroacetyl  chloride.  Taking  into  consideration  also  the  pxjssibility  of  a  negative  effect  of  CHjClCOCl 
on  the  "thorough"  separation  of  SiCl4by  rectification,  it  is  best  to  recommend  chemical  means  of  separation  for 
the  removal  from  TiCl4  of  ^he  chloroacetyl  chlorides  mentioned. 

SUMMARY 

1.  The  vapor  tensions  of  titanium  tetrachloride  and  of  mono-  and  trlchloroacetyl  chlorides  at  different 
temp>eratures  have  been  determined 

2.  The  liquid-vapor  phase  equilibria  in  the  binary  systems  formed  by  TiCl4  with  mono-  and  trichloroacetyl 
chlorides  have  been  studied.  In  the  first  system,  there  apparently  is  an  azeotrope  containing  87  mole  of 
CH2CICOCI  with  a  boiling  px5int  of  in.b®.  The  second  system  shows  almost  no  difference  from  the  ideal. 
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In  recent  years  organoaluminum  and  organoboron  compounds  have  become  of  especial  interest  because  of 
tlicir  practical  significance.  During  this  period  a  nu  nber  of  new  methods  of  preparing  these  compounds  have  been 
developed  which  have  made  them  available  even  for  commercial  production;  these  methods  include  direct  syn¬ 
thesis  of  ct-aluminum  irialkyls  from  aluminum,  hydrogen,  and  o-olefins,  and..also  synthesis  by  means  of  displace¬ 
ment  fl];  in  the  case  of  the  organoboron  compounds,  nicthods  of  synthesis  from  olefins  and  diboranefin  the  form 
of  free  dihoranc  or  as  complexes  of  it  with  amines,  and  also  as  a  mixture  of  NaBH4t  AICI3  [2])  have  been  em¬ 
ployed.  A  method  lias  been  developed  for  going  from  organoaluminum  compounds  to  organoboron  compounds  by 
means  of  exchange  reactions  of  aluminum  trialkyls  with  a  number  of  inorganic  derivatives  of  boron,  and  also  a 
method  of  synthesis  of  dihoranc  through  the  boron  trialkyls  obLained  from  aluminum  trialkyls  [3,  4]. 

Thus,  at  the  present  time  there  arc  rather  convenient  methods  of  going  from  organoaluminum  compounds  to 
organoboron  compounds.  The  reverse  transition  from  organoboron  compounds  to  organoaluminum  compounds  is 
unknown.  Exchange  reactions  do  not  take  place  betw'cen  organoboron  compounds  and  aluminum  halides. 

In  the  present  work  we  have  investigated  the  possibility  of  a  radical  exchange  reaction  between  organoboron 
and  organoaluminum  compounds.* 

The  redistribution  of  radicals  between  alkyl  derivatives  of  different  metals  has  been  rather  widely  studied 
through  the  example  of  the  lithium  alkyls,  which  readily  exchange  radicals  with  organic  compounds  of  mercury, 
antimony,  bismuth,  lead,  magnesium  [5],  and  fin  [6],  for  example: 


2C4HnLi  -f-  (CcH,)Hltr  2(1^11,14  -f-  (r.4n„)2Hg; 

(C6H5),Mg-f-2C4HnLi  (QllpJ.^Mg -h  2C6H5Li; 

(CIl2=CH),Sn-f  4rr,Hr,Li  :;:±  CHo-^GH Li -f- {C6H.04Sn. 


Sodium  alkylis  also  enter  into  reactions  of  a  similar  type.  In  a  number  of  cases  merciu^y  dialkyls  also  enter 
into  transalkylation  reactions,  for  example  with  tctraalkyl  derivatives  of  lead  and  bismuth  [7,  8].  TransalkylatirMi 
reactions  have  not  been  studied  for  aluminum  and  boron  all  yls.  Cases  of  the  exchange  of  an  alkyl  for  hydrogen 
between  diborane  and  aluminum  trialkyls  and  alkylmagnesiuin  halides  have  been  described,  however  [9]: 


DjUe  +  2(0011., ).iAl  211(02115)3  +  2AIH3; 

B.lIo-bOOoHsMgX  ->  211(02115)3  + 6HMgX. 


•  For  a  previous  communication  see  Izvest.  Akad.  Nauk  SSSR,  Otdel.  Khim.  Nauk  181  (1959). 
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Wc  have  studied  the  exchange  of  radicals  betv/een  alununum  and  boron  trialkvls  for  the  sitiiplest  examples. 

It  has  been  found  that  heating  aluminum  trieihyl  or  aluminum  trimcihyi  \viih  boron  trialkyls  and  boron  triaryls 
leads  to  an  exchange  of  radicals  according  to  the  scheme 

RjAl  +  R3*B  ^  Rg*  A1  +  RgB, 

A  shift  of  the  equilibrium  to  the  right  is  achieved  because  of  the  fact  that  the  boron  trimethyl  or  boron 
triethyl  that  is  formed,  having  a  lower  boiling  point,  is  distilled  off  from  the  reaction  mixture  as  it  is  formed  [b,  p. 
of  (0113)38-20*.  b.p.  of  (CH3)3A1  ino*.  b.p.  of  (C2H5)3B  94-95*.  b.p.  of  (C2H5)3A1  190*].  The  reaction  also  is  facili¬ 
tated.  apparently,  by  the  circumstance  that  the  mixed  boron  trialkyls  initially  formed  are  easily  disproportionated, 
since  it  is  quite  possible  to  assume  that  the  transalkylation  reaction  proceeds  stepwise  through  the  mixed  compounds: 

RgAl  +  Rg^B  R2R*A1  +  R2*RB:  RgR^Al  +  Rg  B  RR2*A1  +  R2  RB.  etc. 

/ 

Rg’B  +  RgB 

The  exchange  reactions  of  aluminum  triethyl  and  trimethyl  with  boron  triphenyl,  tributyl,  and  triisobutyl 
have  been  studied.  The  boron  triethyl  and  trimethyl  formed  in  this  way  were  distilled  off  in  the  reaction  process 
and  ilie  corresponding  organoaluminurn  compound  remained  in  the  residue.  In  a  number  of  experiments,  because 
of  the  higli  temperature  at  whicli  the  reaction  was  carried  out,  the  formation  of  dialky ialuimnum  hydride  was  ob¬ 
served  along  with  the  corresponding  aluminum  trialkyl  as  a  result  of  the  splitting  out  of  olefin  from  the  aluminum 
trialkyl.  The  mechanism  of  the  exchange  of  radicals  between  organoaluminurn  and  -boron  compounds  is  not  yet 
clear.  It  may  be  assumed  that  the  exchange  proceeds  through  the  intermediate  formation  of  a  complex  of  the  type 
of  aluminum  borohydride.  such  as  RjAlBRg’R,  which  then  breaks  down  with  a  new  redistribution  of  radicals 

RgAl  +  Rg'B  [R2A1BR3’R]  R2A1R'  +  Rj’BR. 

It  is  possible  that  the  intermediate  complex  has  a  bridge  structure  (as.  for  example,  is  now  accepted  for  the 
structure  of  the  dimer  of  aluminum  trimethyl  or  triethyl). 


/R.  R. 

R2AK  >nRo'  RsAl.  ^RR/. 

\p/X  -  \p>. 

In  addition  to  the  exchange  reactions  of  organoboron  and  -  aluminum  compounds,  we  have  investigated  the 
exchange  reactions  between  aluminum  trialkyls  and  zinc  dialkyls,  and  between  boron  trialkyls  and  zinc  dialkyls 
and  alkylmagnesium  halides.  In  the  case  of  the  aluminum  and  zinc  alkyls  the  exchange  takes  place  upon  heating, 
and  the  more  volatile  organozinc  compound  gradually  distills  off  from  the  reaction  medium. 

2R3AI  +  3R2'Zn  -*  2Rg'Al  +  3R2Zn  t 

Reactions  of  aluminum  trimethyl  with  zinc  diethyl  and  zinc  dipropyl,  and  of  aluminum  triethyl  with  zinc 
dibutyl  were  carried  out. 

Transalkylation  reactions  of  boron  trialkyls  with  zinc  dialkyls  were  investigated  through  the  example  of  the 
reaction  of  boron  triethyl  with  zinc  dimethyl.  The  more  volatile  boron  trimethyl  formed  in  the  reaction  distilled 
off. 

2(C2H5)3B  +  3(CH3)2Zn  -*  3(C2H5)2Zn  +  2(CH3)3B  t 

The  exchange  between  organoboron  and  -magnesium  compounds  was  carried  out  on  the  example  of  boron 
tributyl  and  ethylmagncsium  bromide. 

3C2H5MgBr  +  (€4149)36  -  3C4H9MgBr  +  (C2H5)3B. 

The  boron  triethyl  distilled  off  as  it  was  formed  from  the  reaction  medium.  By  treatment  of  the  residue  with 
carbon  dioxide,  valeric  acid  was  obtained. 


EXPERIMENT  A  L 

Aluminum  triethyl  and  boron  tripheny  1 

In  a  three-necked  flask  equipped  with  a  stirrer,  an  inlet  for  nitrogen,  and  a  descending  condenser  were 
placed  22.8  g  of  aluminum  triethyl  and  16,1  g  of  boron  triphenyl.  The  mixture  was  gradually  heated  to  140"  with 
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continuous  stirring,  and  during  this  process  boron  triethyl  gradually  distilled  off.  After  repeated  distillation,  6.3  g 
(OGS)  of  boron  triethyl  was  obtained  with  b.p.  93-96®,  df  0.697.  Literature  data  [5]:  b.p.  95*.  d^  0.6961.  After  we 
had  distilled  off  in  vacuum  a  small  amount  of  aluminum  tricthyl  and  a  mixture  of  (C2H3)2AlQH5  and  C2H5.M(C(;H5)2, 
which  yielded  ethane  and  benzene  wlien  decomposed  with  water,  aluminum  triphenyl,  m.p.  233-236*  (from  xylene) 
was  obtained  by  sublimation  of  the  residue  in  vacuum.  Literature  data  [10]:  m.p.  230",  m.p.  237*. 

Found  '7--  A1  10.63,  10.72.  (CgHslyM.  Calculated  A1  10.44. 

Aluminum  trimethyl  and  boron  triphenyl 

In  a  three- necked  flask  equipped  with  a  stirrer,  an  inlet  for  nitrogen,  and  a  descending  condenser  which  had 
a  graduated  trap  on  the  outlet,  cooled  to  -70°,  were  placed  16.1  g  of  boron  triphcnyl  (0.066  mole)  and  7.2  g  of 
aluminum  trimethyl  (0.1  mole).  Tlie  mixture  was  heated  to  boiling  with  continuous  stirring,  and  then  was  heated 
during  the  course  of  4  hours  to  140*.  Wc  collected  in  the  trap  3.4  ml  of  boron  trimethyl  (GO^pof  theoretical), 
b.p.  -21*,  which  quickly  caught  fire  in  the  air;  ammoniate,  m.p.  66*.  Literature  data  [11):  boron  trimethyl,  b.p. 
-21.8*,  ammoniate,  m.p.  66*.  After  the  intermediate  fraction  had  been  distilled  off  from  the  residue,  aluminum 
triphenyl  was  isolated  by  stiblimation,  m.p.  233-236*. 

Alum inum  trimethyl  and  boron  tributyl 

In  the  apparatus  used  for  the  study  of  the  reaction  between  aluminum  trimethyl  and  boron  triphenyl  were 
placed  7.2  g  of  aluminum  trimethyl  and  18.2  g  of  boron  tributyl  (0.1  mole  each).  While  tlie  mixture  was  boiled 
vigorously,  4.8  mlibl'yoof  theoretical)  of  boron  trimethyl  was  collected  in  the  trap,  b.p.  -20*,  ammoniate,  m.p. 

66*.  When  tlie  residue  was  distilled,  6.2  ml  of  aluminum  tributyl  was  obtained  with  b.p.  100-106“  at  3  mm. 

Found:  from  0  1616  g  of  compound  66.9  ml  of  butane  (760  mm,  20*).  (C4H9)3A1.  Calculated:  69.5  ml  of 
butane  (760  mm.  20”).  , 

nibutylaluminum  hydride  was  found  in  the  high-boiling  fraction  as  a  contaminant  of  the  aluminum  tributyl 
(decomposition  of  a  sample  of  the  compound  yielded  a  gas  containing  8-97o  of  liydrogen). 

Aluminum  tricthyl  and  boron  tributyl 

When  a  mixture  of  36.4  g  of  boron  tributyl  and  22.8  g  of  aluminum  tricthyl  (0.2  mole  each)  was  gradually 
heated  to  200*,  12.2  g(647')  of  boron  tricthyl  with  b.p.  93-95*  was  obtained  after  rcdistillation.  The  residue  was 
a  mixture  of  aluminum  tributyl  and  dibutylalum/num  hydride,  which  we  did  not  ^ccccd  in  separating  by  distilla¬ 
tion.  According  to  any  analysis  of  the  gas  evolved  when  a  sample  of  the  material  was  decomposed  witlt  water  (the 
gas  consisted  of  butane  and  hydrogen),  the  dibutylaluminum  hydride  content  of  the  various  fractions  was  60.5-767o. 

Aluminum  triethyl  and  boron  triisobutyl 

Mixing  of  aluminum  triethyl  (11.4  g,  0.1  mole)  and  boron  triisobutyl  (18.2  g,  0.1  mole)  was  accompanied 
by  some  evolution  of  heat.  When  the  mixture  was  gradually  heated,  about  13  rnl  of  liquid  distilled  off,  from  which 
4.5  ml  of  boron  triethyl  was  isolated,  and  the  higher-boiling  portion  was  returned  to  the  reaction.  Another  3.1  ml 
of  boron  tricthyl  was  obtained,  6.1  g  in  all  (Gl'yi).  Upon  vacuum  distillation  of  the  residue  only  diisobutylaluminum 
hydride  was  obtained,  with  b.p.  115-117*  at  1.6  mm. 

Found  Hjfby  decomposition  with  water)  33.  (iso-C4il9)2AlH.  Calculated  ‘7'>  H2  33.3. 

Aluminum  trimethyl  and  zinc  diethyl 

In  a  three-necked  flask  equipped  with  a  stirrer,  an  inlet  for  nitrogen,  and  a  reflux  condenser  were  placed 
28.8  g  of  zinc  diethyl  and  16.7  g  of  aluminum  trimethyl  (0.232  mole  each).  The  upper  end  of  the  reflux  condenser 
was  connected  with  a  descending  coil  condenser;  the  temperature  of  the  w'ater  in  tlie  reflux  condenser  was  50*. 

When  the  mixture  was  heated  to  100*,  zinc  dirrethyl  began  to  distil  off;  the  mixture  was  gradually  heated  to  140*. 
Twelve  and  five-tenths  ml  of  zinc  dimethyl  were  distilled  off;  after  distillation,  13.9  g  (62.5'7o)  of  zinc  dimethyl 
was  obtained: 

b.p.  45.5-46.5*,  d“  1.380.  Literature  data  [12]:  b.p.  46*,  d*®*®  1.  386. 

When  another  9  ml  of  zinc  diethyl  ( 10.8  g)  was  added  to  the  residue,  8.4  g  more  of  zinc  dimethyl  distilled 
off  under  the  same  conditions.  By  distillation  in  vacuum  of  the  organoaluminum  fraction,  15.5  g(  60*70)  of  aluminum 
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triethyl  was  obtained  with  b.p.  86-8?*°  at  3  mm  (a  sam.ple  of  the  compound  on  hydrolysis  yielded  the  tlieorctical 
amount  of  ethane).  Literature  data  [13]:  b.p.  87-88°  at  3  m.m. 

Aluminum  trimethyl  and  zinc  dipropyl 

Reaction  of  aluminum  trimethyl  (7.2  g,  0.1  mole)  with  zinc  dipropyl  (25  g,  0.177  mole)  was  carried  out  in 
a  Favorskii  flask  (with  a  herringbone  dephlegmator  12  cm  in  height).  When  the  mixture  was  gradually  heated  to 
140°,  7.3  g(5l7f)  of  zinc  dimethyl  was  distilled  off  with  b.p.  45-46  *.  We  did  not  succeed  in  isolating  pure 
aluminum  tripropyl  from  the  residue  by  vacuum  distillation. 

Aluminum  triethyl  and  zinc  dibutyl 

Transalkylation  began  at  130-140°,  but  proceeded  at  a  satisfactory  rate  only  at  160-170*.  As  a  result  of  such 
a  high  reaction  temperature,  partial  decompositon  of  the  organozinc  compound  took  place.  From  11.4  g  (0.1 
mole)  of  aluminum  triethyl  and  27  g(0.15  mole)  of  zinc  dibutyl  we  obtained  10.8  g(58.5'7o)  of  zinc  diethyl. 

By  distillation  of  the  residue,  12.0  g  of  a  mixture  of  aluminum  tributyl  and  dibutylaluminum  hydride  was 
obtained  (b.p.  119-122°  at  5  mm)  containing  ~50‘;<3  of  the  latter  (according  to  analysis  of  the  gas  after  decomposi¬ 
tion  with  water). 

Boron  triethyl  and  zinc  dimethyl 

In  a  flask  with  a  refliix  condenser  connected  with  a  graduated  trap  (-70°)  a  mixture  of  6.65  g  of  boron  triethyl 
(0.0665  mole)  and  12.7  g  of  zinc  dimethyl  (0.133  mole)  was  heated  to  boiling.  Four  and  seven-tenths  ml  of  boron 
trlmethyl  (2.91  g,  79*70  of  theoretical)  was  obtained  with  b.p.  -21-(-20*),  ammoniate,  m.p.  56°. 

The  zinc  diethyl  obtained  by  distillation  of  the  residue  apparently  contained  a  slight  admixture  of  boron 
triethyl  (green  colored  flame). 

Ethylmagnesium  bromide  and  boron  tributyl 

The  ether  was  distilled  off  from  the  ethylmagnesium  bromide  (from  0.2  g  of  Mg  and  ethyl  bromide),  9.1  g 
of  boron  tributyl  (0.05  mole)  was  added  to  the  residue,  and  the  mixture  was  heated  in  an  atmosphere  of  nitrogen 
with  a  descending  condenser  to  160°  ( 1.5-2  hours).  Four  and  two-tenths  grams  (87.5%)  of  boron  triethyl  was  obtained, 
b.p.  94.5-96.5°,  d^  0.700.  Ether  was  added  to  the  residue  and  the  reaction  mass  was  treated  with  solid  carbon  di¬ 
oxide.  n-Valeric  acid  was  obtained,  b.p.  185-187°,  m.p.  105-106°. 

SUMMA  RY 

1.  It  has  been  found  that  when  aluminum  trialkyls  are  heated  with  boron  trialkyls  a  transalkylation  reaction 
occurs.  The  reaction  can  be  carried  to  complete  exchange  of  the  radicals  by  removal  of  the  more  volatile  com¬ 
ponent  from  the  sphere  of  reaction. 

2.  It  has  been  found  that  a  transalkylation  reaction  takes  place  between  organoaluminum  and  organozinc 
compounds. 

3.  It  has  been  shown  that  a  transalkylation  reaction  takes  place  between  organoboron  and  organozinc  or 
organomagnesium  compounds. 
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Complex  catalysts,  composed  of  organic  aluminum  compounds  and  titanium  halides,  arc  used  extensively 
at  tlie  present  time  for  the  polymerization  of  a-olefins.  However,  the  reactions  that  may  take  place  between  these' 
two  components  have  as  yet  received  inadequate  elucidation  in  the  literature  [1,  21.  This  caused  us  to  investigate 
the  reaction  of  triphcnylaluminum  with  titanium  halides  in  various  solvents,  both  nonpolar- like  benzene  and  cyclo¬ 
hexane,  and  polar— like  fluorobenzene,  and  determine  if  the  solvent  takes  part  in  these  processes. 

In  the  previous  paper  [3]  we  investigated  the  reaction  of  triphcnylaluminum  with  titanium  tetrachloride  in 
the  inert  solvents .  benzene  and  cyclohexane,  leading  to  the  formation  of  biphenyl.  It  was  established  that  this 
reaction  docs  not  have  a  free-radical  mechanism,  since  reaction  of  the  phenyl  radicaL  with  the  solvent— benzene 
—  was  not  observed  here  (when  the  process  was  run  in  labeled  benzene  the  isolated  biphenyl  failed  to  show  any 
activity). 

In  this  paper  we  investigated  the  reaction  of  triphcnylaluminum  with  titanium  tetrachloride  and  with  titanium 
oxychloride  in  fluorobenzene.  We  assumed  that  a  polar  solvent  could  change  the  mechanism  of  the  reaction  of 
triphenylaluminum  with  titanium  halides.  However,  also  in  this  solvent  both  of  the  above  reactions  led  to  the 
formation  of  biphenyl.  Tlie  absence  of  fluorinated  biphenyl  derivatives  in  the  reaction  products  indicated  that 
only  the  phenyl  groups  of  triphenylaluminum  are  involved  in  the  formation  of  biphenyl  and  that  free  phenyl  rad¬ 
icals  are  absent  in  both  of  the  reaction  systems.  If  free  phenyl  radicals  were  present  it  could  be  expected  that 
they  would  react  with  the  solvent,  which  would  lead  to  the  formation  of  mono-  and  difluorobiphenyls. 

As  a  result,  also  in  a  polar  solvent  like  fluorobenzene  the  reaction  of  triphenylaluminum  with  titanium 
halides  does  not  proceed  by  a  free-radical  mechanism.  As  had  been  shown  in  our  first  paper  [3],  the  biphenyl  is 
probably  formed  in  the  decomposition  of  the  initially  formed  complex. 

As  had  been  mentioned,  the  reaction  of  triphenylaluminum  with  titanium  tetrachloride  in  deuterobenzene 
medium  is  accompanied  by  profound  H— D  exchange,  which  is  caused  by  compounds  with  Al— X  bonds  (X  =halide), 
formed  during  the  reaction  process.  In  support  of  this  is  the  fact  that  hydrogen  exchange  between  biphenyl  and 
deuterobenzene  goes  very  easily  in  the  presence  of  aluminum  chloride,  whereas  such  exchange  is  not  observed  in 
the  presence  of  titanium  tetrachloride. 

In  this  paper  we  wanted  to  establish  whether  H— D  exchange  will  take  place  in  deuterobenzene  medium  be¬ 
tween  triphenylaluminum  and  other  titanium  halides,  in  particular,  with  titanium  oxychloride  and  titanium  tri¬ 
chloride.  Here  it  was  interesting  to  compare  the  degree  of  exchange  as  a  function  of  the  taken  titanium  halides. 

With  all  of  the  investigated  titanium  compounds  the  reaction  with  triphenylaluminum  in  deuterobenzene 
went  with  the  formation  of  a  biphenyl  that  contained  deuterium. 

Comparative  data  on  the  yield  of  biphenyl  and  on  its  deuterium  content  for  various  titanium  halides  are 
given  in  the  table.  In  addition,  some  dependence  of  these  values  on  the  ratios  of  the  reacting  components  is  shown. 
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Remarks.  Ttie  amount  of  CgDfi  taken  was  taken  310  mmrilcs  in  all  experiments.  Tem¬ 
perature  13".  Reaction  time  4H  hr.  The  yield  of  biphenyl  is  given  in  %  on  the  three 
phenyl  groups  of  triphcnylalumimim. 

From  the  data  in  the  table  it  can  be  seen  that  H-D  exchange  takes  place  in  all  three  systems  at  all  of  the 
studied  ratios  of  the  reacting  components.  For  tctravalent  titanium  the  degree  of  exchange  increases  with  increase 
in  the  amount  of  titanium  in  tlic  reaction  mixture.  For  trivalent  titanium  (TiCl3)  the  exchange  is  more  constant 
and  hardly  changes  with  change  in  the  TiCl3  concentration  (at  a  TiCl3:  AlPh3  ratio=  11:1  the  exchange  in  biphenyl 
is  22.0'7''). 

♦  < 

EXPERIMENTAL 

All  of  the  experiments  were  conducted  in  a  nitrogen  atmosphere,  using  nitrogen  that  had  been  carefully 
freed  of  both  moisture  and  oxygen, 

1.  Reaction  of  triphcnylaluminiim  with  titanium  tetrachloride  in  fliiorobenzene.  The  triphenylaluminum 
was  obtained  by  the  method  of  K,  A.  Kocheshkov  ami  A.  N.  Nesmeyanov  [4],  and  was  identified  by  the  melting 
point.  The.  fluoroheu/cne  was  obtained  from  aniline  by  the  Schie'mann  reaction  [5],  and  was  analyzed  for  fluorine 
fO].  The  boiling  point  of  the  fluorobcnzcnc  was  83.2®. 

A  charge  of  200  mmoles  of  flucrobenzenc,  5.42  mmoles  of  triphenylaluminum  and  8.37  mmoles  of  titanium 
tetrachloride  was  placed  in  a  tiglttly  fitting  ground-glass  stoppered  flask  tlaough  which  a  constant  stream  of  nitro¬ 
gen  was  passed.  The  TiCl^:  AlPh3  ratio  was  1.5:1.  Then  the  flask  was  closed  tightly  and  shaken.  A  solid  reddish- 
brown  complex  formed  immediately.  The  reaction  mixture  was  allowed  to  stand  for  48  hr  at  15"  with  periodic 
shaking.  Since  it  had  been  establislied  earlier  [3]  by  several  methods  that  tlie  biphenyl  is  formed  as  the  primary 
reaction  product,  and  not  as  tiie  result  of  hydrolysis  of  the  reaction  mixture,  then  in  this  and  all  subsequent  experi¬ 
ments  we  used  the  simplest  method  to  isolate  the  reaction  products,  namely,  decomposition  of  the  reaction  mix¬ 
ture  with  water  and  subsequent  steam  distillation  of  the  fliiorobenzene  and  other  reaction  products.  It  should  be 
mentioned  that  during  the  steam  distillation  the  water  solutions  acquired  the  blue-violet  color  characteristic  of 
trivalent  titanium  salts,  which  persisted  throughout  the  entire  distillation.  This  phenomenon  was  observed  in  all 
of  the  reactions  of  AIPI13  with  titanium  halides. 

■f 

After  steam  distillation  the  fluorobeuzene  was  separated  from  the  water,  dried  over  calcium  chloride,  and 
distilled.  A  product  was  isolated  from  the  residue  that  proved  to  be  biphenyl.  It  had  m.p.  70"  after  recrystalliza¬ 
tion  from  etlianol.  The  biphenyl  was  analyzed  for  fluorine  (6],  since  it  could  contain  traces  of  mono-and  difluoro- 
biphcnyl  as  impurity.  Analysis  revealed  that  fluorine  was  absent  in  the  compound.  The  yield  of  biphenyl  based  on 
the  three  plienyl  groups  of  triphenylaluminum  was  30*70. 

2.  Reaction  of  triphenylaluminum  with  titanium  oxychloride  in  fluorobenzene.  The  titanium  oxychloride 
was  obtained  by  the  method  described  in  [7].  Tlie  reaction  was  run  under  conditions  similar  to  those  described 
above.  For  reaction  we  took  260  mmoles  of  fluorobenzene,  6.05  mmoles  of  triphenylaluminum  and  6.89  mmoles 
of  titanium  oxycliloridc.  The  TiOClj:  AlPh3  ratio  was  1.15:1.  Biphenyl  was  isolated  from  the  reaction  products, 
which  after  recrystallization  from  ethanol  had  m.p.  69—70",  and  by  analysis  was  shown  to  be  free  of  fluorine. 

Tlie  yield  of  biphenyl,  based  on  the  three  phenyl  groups  of  triphenylaluminum,  was  25*70. 

It  should  be  mentioned  that  we  ran  an  experiment  showing  that  triphenylaluminum  does  not  react  with 
fluorobenzene,  before  running  the  experiments  in  fluorobenzene.  The  triphenylaluminum  was  isolated  from  the 
fluorobenzene  solution  as  its  derivative  with  bcnzalacctophcnone,  namely,  as  1,  1-diphenylpropiophenone.  In 
order  to  establish  tliat  the  phenyl  groups  did  not  contain  fluorine,  since  it  was  possible  for  exchange  processes  to 
take  place  in  the  system,  the  1,1-diphenylpropiophenone  was  analyzed  for  fluorine.  The  analysis  gave  a  negative 
result. 
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3.  Reaction  of  tri  :':.crvl.!lnr:iinun'.  witli  rit.Tiun'i  owclilori  Jc 


tit.-niurn  trioiilori.io  in  uci;'’' r> 'icn 


nj. 


The  titanium  tricliloridc  was  oiitainco  by  the  niot.ioJ  given  i?i  T'uc  i.!outc’'obcn.:cne  was  obtained  by  t’.io  e;.- 
change  of  benzene  with  dcutcrosulfuric  acid.  Tlic  reaction  vessel  was  a  flask  equipped  wiiii  a  well  fitting  ground- 
glass  stopper.  With  a  constant  stream  of  nitrogen  blowing  tlirough  the  flask,  the  charge  of  deuterobenzxne,  tri- 
phcnylaluminum  and  titanium  halide  was  loaded  into  the  flask.  Then  the  flask  was  stoppered  tightly  and  the  con¬ 
tents  were  mixed.  A  solid  brown  complex  formed  immediately.  The  reaction  mixtiure  was  allowed  to  stand  for  48 
hr  at  15*  with  periodic  shaking.  After  tliis  the  contents  were  poured  into  water,  and  the  mixture  of  deutcrobenzene 
and  dissolved  biphenyl  was  removed  by  steam  distillation.  The  benzene  layer  was  separated  from  the  water  layer, 
dried  over  calcium  chloride,  and  fractionally  distilled.  After  distilling  off  flic  deuterobenzene,  we  isolated  biphenyl 
from  the  residue  which  was  identified  by  the  melting  point.  M.p.  bO-70*  (from  ethanol),  which  was  not  depressed 
when  the  compound  was  mi.xcd  witli  pure  biphenyl. 

SU  MM  A  RY 


1.  In  a  polar  solvent  like  fluorobenzcnc  the  reaction  of  triphcnylaluminum  with  the  titanium  halides  TiCl4 
and  TiOCl2  goes  without  the  formation  of  free  radicals.  Tlie  reaction  product  is  biphenyl,  which  is  formed  in  the 
decomposition  of  the  original  complex.  The  solvenr  docs  not  take  part  in  the  reaction. 

2.  Tlic  titanium  halide'’  TiCl.,  TiOCU  and  TiCli  r.,~cr  with  tr=phcnvl '•Inminum  in  deutcrobenzene  solution 

to  form  dentcrated  biphenyl,  '•.•inch  is  formed  as  the  result  of  li-l)  cxciiaugc  between  the  bipk.enyl  and  the  deutcro¬ 
benzene.  Tctravalcnt  titanium  conipoiir’cis  cause  ti’c  great  -'t  II— D  e'-cl-.inr,'.-. 
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In  previous  papers  we  described  a  new  method  for  the  synthesis  of  tetralins  [1,  2]  and  indans  f3],  consisting 
in  the  aromatization  of  adducts  of  dicnic  hydrocarbons  with  cyclic  analogs  of  maleic  anhydride  under  the  influence 
of  phosplionis  pcntoxidc. 


4 


n  =  1.2. 


In  this  paper  we  describe  the  preparation  of  several  hydrocarbons  belonging  to  these  two  classes  of  compounds, 
and  specifically,  the  synthesis  of  5-meihyltctralin,  5,8-dimctliyltetralin,  and  4-nicthylindan:  the.  syntheses  were 
accomplished  by  treating  the  anhydrides  of  the  appropriate  A'^-cycloalkcnyl- 1,2-dicarboxylic  acids  with  phosphorus 
pcntoxidc.  However,  in  contrast  to  those  described  earlier,  the  anhydrides  used  in  this  study  were  obtained  from 
the  simpler  components  of  tire  diene  synthesis— from  the  reaction  of  the  pinacols  of  cyclic  ketones  with  either 
maleic  or  mcthylmalcic  anhydride  (the  latter  taken  in  excess).  Thus,  5-mcthyltetralin  (III)  was  obtained  (in  50*!^ 
yield)  by  treating  the  anhydride  of  4-mcthyl-A^-octalin- 1,2-dicarboxylic  acid  (II)  with  phosphorus  pentoxide; 
this  anhydride  was  obtained  (in  547o  yield)  by  heating  pinacol  (I)  (from  acetone  and  cyclohexanone)  with  excess 
maleic  anhydride  for  15  min  in  acetic  anhydride. 
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The  anhydride  of  4-methyl- A^-octalin-l,2-dicarboxylic  acid  (H)  was  also  obtained  by  the  counter  synthe¬ 
sis— directly  from  1-  isopropenylcyclohexene  and  maleic  anhydride  by  heating  in  xylene;  in  this  case  the  yield 
of  the  adduct  was  40*70,  based  on  the  starting  1-isopropcnylcyclohexene  (IV).  However,  this  diene  in  turn  was  ob¬ 
tained  in  40*70  yield  from  pinacol  (I)  by  refluxing  with  iodine.  As  a  result,  the  yield  of  anhydride  (11)  in  this  case, 
based  on  pinacol  (I),  was  only  237o. 
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To  obtain  •'S.H-dinicthyltetralin  (\T.  yield  ^2'"h  vie  decomposed  the  anhydride  of  1 .4-dimcthyl- A'*-octalin- 
1,2-dicarboxylic  acid  (V).  obtained  in  turn  (in  477o  yield)  from  pinacol(I)  and  mcthylmaleic  anhydride  by  reflux¬ 
ing  in  acetic  anhydride  for  •'10  min,  by  heating  with  pliosphonis  pentoxide. 
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ri.S-Dimethyltetralin  (VI)  was  then  converted  by  heating  with  sulfur  to  1 ,4-dimethylnaphthalene  ( VII), 

which  was  identified  by  the  melting  point  of  its  picratc  and  also  by  the  infrared  absorption  spectrum  ( 

2R7,  :in0,  31H;  loge  .3,83,  3.85,  3.82,  2.88). 

.  f  pfiax  .  •  .  / 

Apparently,  the  5,8-dimethyltetralin  and  1,4-dimethylnaphthalene  obtained  by  us  were  not  contaminated 
with  the  isomeric  hydrocarbons— 5, 7-dimethyltetralin  and  1 ,3-dimethylnaphthalene,  respectively- the  formation 
of  which  could  occur  if  the  starting  anhydride  (V)  contained  a  small  amount  of  the  isomeric  "meta"  adduct— the 
anhydride  of  2,4-dimethyl- A'^-octalin- 1,2-dicarboxylic  acid  — as  impurity. 

4-Methylindan  (X)  was  obtained  (yield  48%)  by  heating  the  anhydride  of  4-methyl-5,6-eyclopentano-A^- 
-cyclohexenc- 1,2-dicarboxylic  acid  (IX),  the  reaction  product  of  maleic  anydride  with  the  pinacol  ( VIII)  obtained 
from  acetone  and  cyclopcnta none  (yield  88%),  with  pliosphorus  pentoxide. 
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The  use  of  pinacols  as  the  dienic  component  when  running  the  reaction  with  either  maleic  or  mcthylmaleic 
anhydride  (in  acetic  anhydride)  makes  it  possible  to  eliminate  the  stage  of  preparing  the  dienic  hydrocarbons 
(dehydration  of  the  pinacols),  which  compounds  are  frequently  quite  unstable  and  polymerize  with  ease  under 
the  conditions  of  the  diene  synthesis:  using  either  maleic  or  mcthylmaleic  anhydride  as  the  dienophile  makes  it 
possible  to  regard  the  described  method  of  preparing  5-methyltetralin,  5,8-dimethyltetralin  and  4-methylindan 
as  being  simpler  than  the  method  developed  by  us  earlier,  in  which  the  anhydrides  of  cyclohexene-  and  cyclo- 
pentenedicarboxylic  acids  (the  synthesis  of  which  is  quite  complicated)  were  used  as  the  dienophiles. 

EXPERIMENTAL 

Pinacol  (I)  was  obtained  by  the  method  described  in  [4],  by  the  reduction  of  a  mixture  of  equimolar  amounts 
of  cyclohexanone  and  acetone  in  benzene  solution  using  aluminum  amalgam.  M.p,  81  — 82“  (literature:  m.p.  82— 
-83“). 
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1-Isopropcnylcyclolicxcnc  (IV)  was  obtained  by  the  dehydration  of  pinacol  (I)  (20  g),  by  heating  (on  the 
water  bath)  with  iodine  (U.h  g);  the  hydrocarbon  was  vacuum-distilled  immediately;  b.p.  65—67®  (20  mm),  n^ 

l, 4975^yicld  6  g(40'7o.  Literature  daUi  [5]:  boiling  point  66— 68°  (20  mm),  nf5  1.4978. 

The  anhydride  of  4-mcthyl-A'*-octalin-1 .2-dicarboxylic  acid  (I!)  was  obtained  by  heating  pinacol  (I)  (20  g) 
with  maleic  anhydride  (80  g)  in  acetic  anhydride  (250  ml)  for  15  min,  in  the  presence  of  hydroquinone  (0.1  g) 
and  using  a  stream  of  nitrogen.  The  next  day  the  reaction  mixture  w'as  vacuum-disiilled;  adduct  (II)  (15  g, 

54%  yield)  with  b.p.  150-180°  (10  mm)  was  isolated,  which  crystallized  on  standing  and  after  recrystallizatlon 
from  petroleum  ether  had  m.p.  74-75".  Literature  data  [5]:  m.p.  76.2*. 

Anhydride  (II)  was  also  obtained  by  the  reaction  of  maleic  anhydride  with  1-isopropcnylcyclohcxcne  (IV), 
by  heating  in  either  xylene  [5]  or  propionic  acid.  The  mixtuie  of  the  anhydrides,  obtained  from  the  pinacol  and 
from  1-isopropcnylcyclohexcne,  melted  witliout  depression. 

5-Mcthyltetralin  (III).  A  mixture  of  18.2  g  of  anhydride  (II)  and  12.8  g  of  phosphorus  pentoxide  was  gradually 
heated  in  a  metal  bath  from  160  to  300°  until  carbon  monoxide  was  no  longer  evolved;  the  obtained  hydrocarbon 
was  distilled  from  the  reaction  mixture,  after  which  it  was  washed  with  10% sulfuric  acid  (to  remove  any  possible 
starting  anhydride),  then  with  water,  dried  over  calcium  chloride,  and  finally  it  was  redistilled  in  vacuo  over 
metallic  sodium  (yield  6.5  g  or  50%). 

Boiling  point  75°  (5  mm),  n^  1.5470,  d4°0.9699,  MRp  47.8.C11H14F3.  Calculated  47.20. 

Literature  [6]:  Boiling  point  234.35°  (760  mm).  147.76°  (57.3  mm),  n”  1.54395,  df  0.9720. 

Tlic  dehydroecnation  of  5-mcthyltccralin  ( 1.8  g)  was  accomplishc  1  by  heating  with  sulfur  (0.8  g)  in  a  metal 
bath  at  220-210°  for  4  hr;  the  l-methylfiaphthalcne  was  distilled  from  the  reaction  mixture  and  than  it  was  re¬ 
distilled  over  metallic  sodium  (yield  0.92  g,  54%). 

B.p.  148- 149°  (57  mm);  picrate,  m.p.  141°  (from  alcohol). 

Literature  [7];  1-methylnaphthalenc,  b.p.  151.3°  (58  mm),  244.78*  (760  mm);  picrate,  m.p.  141—142*. 

The  anhydride  of  1.4-dimcthyI  -A'*-octaIin- 1,2-dicarboxylic  acid  (V)  was  obtained  by  heating  pinacol  (I) 
(31.6  g)  with  excess  methylmaleic  anhydride  (67  g)  for  30  min,  in  a  stream  of  nitrogen,  in  acetic  anhydride  (300 
ml)  in  the  presence  of  hydroquinone  (0. 1  g).  Vacuum-distillation  of  the  reaction  mixture  led  to  the  isolation  of 
adduct  (V)  (22  g,  47%;  not  described  in  the  literature)  with  b.p.  156— 158°  (8  mm),  which  crystallized  on  standing 
and  had  m.p.  102°  (from  a  mixture  of  acetone  and  petroleum  ether). 

Found  %.  C  71.64,  71.58;  H  7.47,  7.65.  CuHjgOa.  Calculated  C  71.76;  H  7.74. 

5,8-Dimcihyltctralin  (VI)  was  obtained  by  the  gradual  heating  of  a  mixture  of  17.5  g  of  anhydride  (V)  and 
12  g  of  phospiiorus  pentoxide  from  210  to  290°;  the  obtained  hydrocarbon  was  removed  from  the  reaction  mixture 
by  vacuum-distillation,  after  which  it  was  heated  with  25%  caustic  solution,  then  extracted  with  ether,  washed 
with  water,  dried  over  calcium  chloride,  and  then  distilled  from  sodium  (yield  7,5  g, 

B.p.  250-251°(748  mm),  129- 130°  ( 19.5  mm),  n^p  1.5475,  d^4  0.9694,  MRp52.44.  CjzHjgl's.  Calculated 
51.82. 

Literature  data:  5,8-dimcthyltetralin  [8],  b.p.  254°  (760  mm),  121*(1  mm);  5,7-dimethyltetralin  [9], 
b.p.  250-252°  (760  mm),  n”p  1.5409,  d^^4  0.9589. 

Tire  dehydrogenation  of  5,8-dimethyltetralin  was  run  in  the  same  manner  as  the  dehydrogenation  of  5-methyl- 
tetralin.  The  isolated  1,4-dimethylnaphtlialene  (VTI)  had  the  following  constants: 

b.p.  130- 131°  (14  mm),  n^®p  1.6100,  d^°4  1.0130,  MRp53.56.  C12H12F5.  Calculated  50.88,  m.p.  142-143*. 

Literature  data  [10]:  1,4-dimethylnaphthalene,  b.p.  263°  (760  mm),  iip  1.6127;  picrate,  m.p.  143*;  1,3-di- 
methylnaphthalcne,  b.p.  263°  (760  mm),  n^  1.6078;  picrate,  m.p.  116.5°. 

Pinacol  (VIII)  (from  cyclopentanone  and  acetone)  was  obtained  in  the  same  manner  as  pinacol  (11)  [4]; 

m. p.  64°  (literature  data:  m.p.  64—65°), 

Tlie  anhydride  of  4- methyl-5, 6-cyclopentano-A^-cyclohexene- 1,2-dicarboxylic  acid  (IX)  (not  described 
in  the  literature)  was  obtained  from  20  g  of  pinacol  (VIII)  and  80  g  of  maleic  anhydride  by  the  same  procedure 
as  was  used  to  obtain  anhydride  (11). 
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B.p.  150— 180*  (15  mm)  m.  p.  58— 50°  (from  petroleum  ether),  yield  10  g(n57''). 

Found  C  60.04.  69.41;  H  6.75,  7.03.  C12H14O3.  Calculated  C  69.88;  H  6.84. 

4-Methylindan  (X).  A  mixture  of  13  g  of  anhydride  (IX)  and  8.5  g  of  phosphonis  pentoxide  was  heated 
gradually  from  210  to  250°  (in  a  metal  bath)  until  the  evolution  of  carbon  monoxide  ceased;  the  obtained  hydro¬ 
carbon  was  removed  by  distillation,  dissolved  in  petroleum  ether,  refluxed  for  1  hr  with  207o  NaOH  solution,  washed 
with  water,  and  dried  over  calcium  chloride.  Then  the  petroleum  ether  was  removed  by  distillation  and  the  residue 
was  vacuum-distilled  from  sodium;  we  isolated  4  g(48'7')  of  product, 

B.p.  101- 103°  (32  mm),  n^^^  1.5324,  d^4  0.9564,  MRp  42.85.  CjoHizl",.  Calculated  42.59. 

5,6,7-Trihromo-4-methylind3n  (obtained  by  the  bromination  of  4-methylindan  in  the  presence  of  a  trace 
of  iodine)  had  m.p.  183— 183.5°  (from  a  mixture  of  alcohol  and  toluene). 

Literature  data:  4-methylindan.  b.p.  84— 85°  (20  mm),  n”p  1.5323,  d^20  0.956  [11];  tribromide,  m.p.  183* 
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SUMMA  RY 

1.  We  were  the  first  to  react  the  mixed  pinacols  (as  the  diene  component)  from  acetone  and  cyclic  ketones 
(cyclohe.xanone  and  cyclopentanonc)  with  maleic  and  methylmaleic  anhydrides.  When  these  pinacols  were  heated 
with  excess  maleic  anhydride  in  acetic  anhydride  we  obtained  in  turn  the  anhydrides  of  4-methyl-A'*-octalin- 1,2- 
-dicarboxylic,  1,4-dimethyI- A‘*-octalin-  1,2-dicarboxylic  and  4-methyl-  5,6-cyclopcntano- A^-cyclohexene- 1 ,2- 
-dicarboxylic  acids. 

2.  The  synthesized  anhydrides  were  converted  by  heating  with  phosphorus  pentoxide  to  5-methyltetralin, 
5,8-dimcthyltetralin  and  4-methylindan.  respectively. 
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Cyclohexane  hydrocarbons,  containing  two  quaternary  carbon  atoms  in  the  ring,  were  first  described  in  [1]. 
Only  a  fev  hydrocarbons  of  this  type  have  been  syntliesizcd  up  to  now,  which  is  explained  by  the  absence  of  general 
and  sufficiently  simple  methods  for  their  synthesis  At  the  same  time,  cyclohexane  hydrocarbons  with  quaternary 
carbon  atoms  in  the  ring  arc  present  in  petroleum  distillates  [2],  and  in  order  to  identify  them  it  is  necessary  to 
have  pure  cyclohexane  hydrocarbons  of  rigidly  established  structure  as  standards. 

Tlic  purpose  of  the  present  study  was  to  develop  a  general  method  for  the  synthesis  of  1,1,3,3-tetraalkylcyclo- 
hexancs,  i.c.,  for  the  synthesis  of  cyclohexane  hydrocarbons  containing  two  quaternary  carbon  atoms,  separated  by 
a  methylene  group,  in  the  ring.  The  symthesis  of  these  hydrocarbons  was  accomplished  in  accordance  with  the 
following  scheme. 


r.iij 

I 


fitc.i 


cih  Cl 
\/ 


RMpUr 


CM3  R 

\/ 

/\ 


CM3  R 
/ 


-CM 


4nci 


> 


'i-CMa 


/ 


CM3 


\/  \/ . "  \/Nci 

(I)  (ID  (HI) 

H-CH,.  U'  =  C,Hj,  C,H,.  C.H,:  R  =  U' =  CjHj. 


R'MBUr 


CH3  R 

X 


\/\r» 


(IV) 


The  trialkylcyclohcxencs  (II),  the  synthesis  of  which  from  dimethylcyclohcxadicne  was  described  by  one  of 
us  earlier  [3]* ,  were  subjected  to  hydrochlorination  and  the  obtained  saturated  tertiary  chlorides  (III)  were  then 
introduced  into  the  Grignard  — Wurtz  reaction  in  the  presence  of  mercuric  chloride.  When  reacted  with  alkylmag- 
nesium  bromides,  the  chlorides  (III)  not  only  exchanged  the  chlorine  atom  for  the  alkylmagnesium  bromide  radical, 
but  they  also  cleaved  hydrogen  chloride,  forming  the  original  trialkylcyclohexenes  (II)  in  about  Tb'yc' yield.  The 
latter  were  easily  separated  from  the  end  reaction  products,  the  tetraalkylcyclohexanes  (IV)  (yield  28— 607o,  based 
on  consumed  trialkylcyclohexene),  by  distillation  and  could  be  recycled. 

As  can  be  seen  from  the  equation  given  above  for  the  reaction,  the  method  developed  by  us  can  also  be 
used  to  synthesize  those  1,1,3,3-tetraalkylcyclohexanes  where  only  two  of  the  four  alkyl  groups  are  methyls,  since 
the  latter  are  already  present  in  the  molecule  of  the  starting  dimethvlcyclohexadiene.  In  [1]  the  starting  substance 
for  the  syntliesis  of  1, 1,3,3- tetraalkylcyclohexanes  was  trim  .’thylcyclohexenone  (isophorone),  which  permitted  the 
authors  to  synthesize  only  1,1, 3-trimethyl- 3-alkylcyclohexanes. 

•When  the  hydrochloride  of  the  dimcthylcyclohexadiene  is  used  in  place  of  the  earlier  used  [3]  hydrobromide  the 
yield  of  the  trialkylcyclohexenes  increases  from  13—27  ro  35-40  7’.  based  on  the  starting  diene.  It  was  shown 
earlier  [3]  that  these  compounds  are  not  contaminated  by  the  isomeric  trialkylcyclohexenes,  with  a  different  ar¬ 
rangement  of  the  alkyl  groups. 
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1,1,3,3-Tetraalkylcyclohexanes 
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As  a  rcsulT,  the  niithesis  niciliod  developed  by  us 
offers  greater  possibilities  in  the  sense  that  ttie  quaternary 
carbon  atoms  in  the  synthesized  1,1,3,3-tetraalkylcyclo- 
hexanes  can  be  linked  to  a  large  number  of  alkyl  groups, 
differing  both  in  the  number  of  carbon  atoms  and  in  the 
carbon  skeleton. 

With  the  described  method  we  synthesized  some 

1.1.3- trimethyl-3-alkylcyclohexanes.  and  also  1.3-di- 
methyl- 1,3-diethylcyclohexane.  This  last  hydrocarbon 
(IV;  R  =  R’  =  C2H5)  can  exist  in  the  form  of  the  cis-  and 
trans- isomers;  an  attempt  was  made  to  separate  these 
isomers  by  fractional  distillation  of  the  obtained  hydro¬ 
carbon  in  vacuo  through  a  highly  efficient  column  (80 
theoretical  plates).  However,  the  pre.sence  of  the  two 
stereoisomers  could  not  be  shown  by  distillation,  since  the 
synthesized  1.3-dimcthyl- 1 ,3-dicthylcyclohe\ane  boiled 
within  a  ranO'.  of  O..'!”.  a  id  tlie  separately  collected 
narrow  fractious  proved  to  have  completely  identical 
constants. 

E  P  E  R  1  M  E  N  T  A  L 

Synthesis  of  trialkylcyclohexanes  (11).  Using  a 
mixture  of  ice  and  salt  for  cooling,  a  stream  of  dry 
hydrogen  chloride  was  passed  into  108  g  (1  mole)  of 

1.3- dimethyl-1.3-cyclohexadicne  (synthesized  as  des¬ 
cribed  in  [3]  by  reacting  1-methyl- l-cyclohexen-3-one 
with  methylmagnesium  bromide;  yield  b.p.  135-136° 
at750  mm.n^®  1.4813, d^”  0.8328)  till  the  increase  in  weight 
was  37  g.  The  thus-obtained  dimethvlcyclohexadiene  mono¬ 
hydrochloride,  1-chloro-  i.3-dimei;iyl-2-cycloliexene  (1), 
cleaves  hydrogen  chloride  with  unusual  ease;  for  this 
reason  immediately  after  preparation  (without  distilling) 
it  was  diluted  with  ether  (1  : 1)  and  then  reacted  with 

the  alkylmagnesium  bromides  (36  g  of  Mg.  1.6  moles  of 
alkyl  bromide  and  300  ml  of  ether),  by  adding  in  drops, 
with  ice  water  cooling.  The  next  day  the  reaction  mix¬ 
ture  was  refluxed  for  3  hr,  after  which  it  was  decomposed 
by  pouring  over  ice  containing  some  acetic  acid.  After 
conventional  treatment,  the  yield  of  the  trialkylcyclo- 
hexenes  (11)  was  35-4070.  based  on  the  starting  dimethyl- 
cyclohexadiene. 

1,1, 3-Trimethyl -2- cyclohexene,  b.p.  138-138.5* 
(750  mm),  Op  1.4580,  d4^*^  0.8110.  1,3-Dimethyl- 1- 
ethyl-2- cyclohexene,  b.p.  50-52°  (10  mm),  n^  1,4580, 
d4^“  0.8224. 

Literature  data,  respectively  [3]:  b.p.  137.5-138.8' 
(757  mm)  n^^^®  1.4583,  d4^’’  0.8123;  b.p.  164-164.4° 

(757  mm),  n^^®  1.4503,  d/°  0.8278. 

Synthesis  of  tetraalkylcyclohexanes  (IV).  The 
trialkylcyclohexenes  (II)  were  sliaken  for  2  to  3  days  with 
concentrated  hydrochloric  acid  that  had  been  saturated 
in  the  cold  with  hydrogen  chloride.  The  obtained  saturated 
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tertiary  chlorides  (III)  were  washed  with  water  and  then  dried.  Four  grams  of  mercuric  chloride  was  added  to  an 
ether  solution  of  the  alkylmagnesium  bromide  (21  g  of  Mg,  1.1  moles  of  alkyl  bromide  and  200  ml  of  ether)  and 
after  it  had  dissolved  the  distilled  tertiary  chloride  (III),  obtained  from  0..5  mole  of  the  trialkylcyclohexene  (II), 
was  added  in  drops  at  12—  15°.  Tlie  next  day  the  reaction  mixture  was  refluxed  for  3  hr  and  then  it  was  decom¬ 
posed  with  2N  hydrochloric  acid;  the  ether  layer  was  separated,  washed  with  water,  than  with  2N  sodium  carbonate 
solution,  and  finally  it  was  dried.  After  distilling  off  the  ether  the  residue  was  refluxed  for  30  min  over  sodium, 
and  then  it  was  distilled.  Tlic  fractions  collected  were  the  starting  trialkylcyclohexene  (II)  (the  amount  recovered 
from  the  reaction  was  approximately  75'’/')  and  the  much  higher  boiling  tetraalkylcyclohcxane  (IV).  The  latter 
was  shaken  for  30  min  with  hot  coned  hydrochloric  acid  (to  remove  any  organomercury  compounds),  washed  with 
water,  then  with  2N  sodium  carbonate  solution,  dried,  distilled  from  sodium,  and  finally  it  was  fractionated  tlirough 
a  column  having  an  efficiency  of  35  theoretical  plates.  The  obtained  tetraalkylcyclohexanes  (IV)  were  purified 
further  by  chromatographing  on  silica  gel  Tire  yield  was  1—15%  based  on  trialkylcyclohexene  taken  for  reaction, 
or  28— 60'7(',  based  on  amount  of  trialkylcyclohexene  consumed  in  tlie  reaction;  the  constants  and  the  analysis  data 
for  the  synthesized  hydrocarbons  are  given  in  the  table  The  Raman  spectra  of  the  synthesized  tetraalkylcyclo- 
hexancs  failed  to  show  frequencies  in  the  1600-1680  cm"*  region,  which  indicated  the  absence  of  unsaturated 
hydrocarbons  as  impurity 

SUMMARY 

1.  Starting  with  1,3-dimethyl- 1,3-cyclohexadiene,  a  general  method  was  developed  for  the  synthesis  of 
cyclohexane  hydrocarbons  containing  two  quaternary  carbon  atoms,  separated  by  a  methylene  group,  in  the  ring. 
Specifically,  these  compounds  are  1,1,3,3-tetraalkylcyclohexanes 

1.  The  1,1, 3-trimethyl- 3-ethyl,  1, 1,3-trimethyl- 3-propyl- 1,1, 3-trimethyl-3-butyl-  and  1,3-dimethyl- 1,3- 
-diethylcyclohexanes  were  synthesized  using  this  procedure. 
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Synthetic  straight-chain  acids,  replacing  fats  in  the  production  of  soap,  are  obtained  by  the  oxidation  of 
paraffin  with  atmospheric  oxygen.  The  production  of  branched  acids  on  a  commercial  scale  has  not  been  accom¬ 
plished  yet,  although  researches  are  already  in  progress  in  which  the  objective  is  to  find  simple  and  easily  executed 
methods  for  the  synthesis  of  such  acids.  At  the  present  time  tlie  most  promising  methods  for  the  synthesis  of  branch¬ 
ed  acids  on  an  industrial  scale  are  the  oxidation  of  isoparaffins  and  the  carboxylation  of  olefins  with  carbon  mon¬ 
oxide  and  water  in  the  presence  of  sulfuric  acid  [1].  The  surface-active  properties  of  the  branched  acids  have  as 
yet  received  very  little  study.  Included  in  the  investigations  on  the  matter  is  a  paper  in  which  only  the  surface 
tension  of  solutions  of  the  salts  of  dialkylacetic  acids  were  determined  [2]. 

The  present  paper  is  devoted  to  the  synthesis  of  the  individual  branched  carboxylic  acids  of  composition 
Ci2“Ci6  by  the  organomagnesium  method,  for  the  purpose  of  making  a  later  study  of  the  surface-active  properties 
and  detergent  action  of  their  sodium  salt  solutions.  The  synthesis  of  the  acids  was  accomplished  in  accordance  with 
the  following  scheme; 

cii2=CH— c(1=cii-ch3  - cii3-r.nci-CH=cn-cii,) 

— R-CH-cn=GH-cn3  R  _ci  I  -Cl  iz-r.i  i  n  r  ^ 

I  ^  I  I  2.  Hci-acid 

CH3  CHs  cih 

- ►  n— C11-CH2-CH-C0011 

I  I 

CIIj  CH3 

Together  with  the  acids,  hydrocarbons  are  formed  in  the  last  step  of  the  synthesis  due  to  condensation  of  two 
molecules  of  the  alkyl  bromide  by  the  Grignard— Wurtz  reaction. 

2R-CH— CH2-CllBr  +  Mg  — >  R-CH-CH2-CH-CH-CII2— CH-R  +  Mgl3r2 

CH3  CH3  CH3  CH3  CH3  CH3 

Replacing  the  magnesium  by  lithium  causes  the  yield  of  the  hydrocarbons  to  increase  and  that  of  the  acids 
to  decrease. 

From  2-chloro-3-pentene  (prepared  by  reacting  coned,  hydrochloric  acid  with  piperylene  [3])  and  alkylmag- 
nesium  bromides  we  prepared  a  number  of  8 -olefins,  the  properties  and  structures  of  which  arc  given  in  Table  1. 
The  yields  of  the  B -olefins  obtained  from  primary  alkylmagnesium  bromides  ranged  from  50  to  60*7'’ (based  on  the 
Grignard  reagent),  while  in  the  case  of  the  secondary  and  tertiary  alkylmagnesium  halides  the  yields  of  the  olefins 
were  lower  The  synthesis  of  6-olefins  from  2-chloromagnesium-3-pentene  and  alkyl  bromides  could  not  be  ac- 
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TABLE  1.  6 -Olefins.  R-CH(CH3)-CH=CH-CH3 


complislied  with  satisfactory  yields  under  the  conditions  adopted  by  ns  (mole  ratio  magnesium:  2-chloro- ‘i- pcincne 
=  1.25:  1,  boo  ml  of  ether,  .1.5“).  Here  the  predominant  reaction  was  the  condensation  of  two  molecules  of  2-chlorp- 
-3-pentene  to  4,.5-dimethyl- 2, 6-octadiene  [4],  The  2-alkyl- 3-pentenes  of  lower  molecular  weight  were  synthesized 
earlier  by  a  similar  scheme,  with  the  difference  that  2-bromo-.3-pentene.  prepared  from  the  corresponding  un- 
saturated  alcoliol,  served  as  tlie  starting  material;  in  this  connection  the  6 -olefins  were  obtained  in  smaller  yields 
[4] 

TABLE  2.  Alkyl  Bromides,  R-CH(CH3)-CHr-CH( CHjlBr 


u 

Boiling  point 
(pressure  in 
mm) 

A 

found 

calculatec 

Empirical 

formula 

n  -Gell,, 

76  °  (2) 

1 .4.5.89 

1.0.561 

60.87 

60.90 

(>11  ll2iBr 

n  -C^ll,., 

87.5—80(11 

i.;60'4 

1.0434 

65.47 

65.54 

(liollo-Ilr 

n  -Csll,; 

95—97(1) 

1.4615 

1.0.319 

70.07 

70.19 

Ci3n27Br 

n  -(  1 1  ]  r) 

103—104(1) 

1 .4622 

1.0203 

74.74 

74.84 

C,4li2nHr 

n  -<.),)ll2i 

115..5-1I6(1) 

1.1628 

1.0<i91 

79.42 

79.49 

f '  I  .s  B  .3 1 11  r 

n  -Cr.ll.yril  iCH 

79— ,«iO(1) 

1 .16.50 

1 .0393 

70.0.3 

70.19 

n  -(:4ll,,<.ll{(:2ll.-,ir;il2 

96—98(1) 

1.46.52 

1. '1(1 1.5 

69.98 

70.19 

C,3ll27Br 

A  number  of  2-alkyl-4-bromopentanes  (Table  2)  were  obtained  by  the  reaction  of  2-alkyl-3-pentenes  with 
HBr.  To  prove  the  order  in  which  the  hydrogen  bromide  added  to  the  olefins  we  synthesized  2-methyl- 4-bromo- 
pentane  by  two  procedures: 


Clla— CH^CH-CHCl-CHa-l-CH^MgCI - CII3— CH=CH— ClKCHa).^ - ► 

cn3-(:nnr-(:ii2-cn(cn3)2 

r.ii3-cno  -f-  (Cl  13)201  iciizCi  +  Mg  — ►  CII3— 011011-0112-011(0113)2  — ► 

Cll3-01IHr— 0112-011(0113)2. 


Both  bromides  had  the  same  physicochemical  constants  and  the  same  Raman  spectrum,  which  confirms  the 
validity  of  the  indicated  order  of  HBr  addition. 

The  synthesis  of  carboxylic  acids  from  haloalkancs  by  the  Grignard  reaction  was  accomplished  earlier  on  a 
small  number  of  examples.  Only  low-molecular  acids  were  obtained  using  the  method.  The  synthesis  of  isobutyric 
acid  from  isopropyl  bromide  and  carbon  dioxide  was  accomplished  in  907o  yield  [5],  while  isovaleric  acid  was 
obtained  from  sec-butyl  bromide  in  66*70  yield  [6];  the  yield  of  the  same  acid  from  the  corresponding  chloride  was 
80*70  [7].  The  higher  molecular-weight  acids,  methylneopentylacetic  [8]  and  methylhexylacetic  [9],  were  also 
synthesized  by  a  similar  procedure. 

In  this  paper  we  synthesized  those  acids  having  either  two  or  three  side-chains  in  the  main  aliphatic  chain. 
The  ratios  of  the  taken  reactants  as  well  as  the  properties  and  yields  of  the  obtained  acids  are  given  in  Table  3. 
These  acids  arc  either  colorless  or  slightly  yellow  Liquids,  odorless,  and  congealing  to  a  glass  at  -60  to  -70".  The 
structures  of  the  hydrocarbons  formed  in  the  synthesis  of  the  acids  and  their  properties  and  yields  are  given  in 
Table  4.  Tlie  difference  between  the  calculated  (using  the  bond  refractions)  and  the  found  molecular  refractions 
for  the  hydrocarbons,  where  R  is  a  normal  aliphatic  radical  of  composition  Q— Cjo,  is  0.7  — 0.8.  Tliis  difference 
drops  to  0.03—0.08  when  the  bond  subtypes  [10]  are  taken  into  consideration  in  calculating  the  MRp;  for  branched 
radicals  the  difference  is  0.1  —  0  2. 

EXPERIMENTAL 

The  0 -olefins  (Table  1),  alkyl  bromides  (Table  2)  and  the  acids  (Table  .3)  were  obtained  employing  the 
same  method  for  each  separate  class  of  compounds.  We  will  describe  in  detail  only  the  typical  synthesis  of  2,4- 
-dimethylundecanoic  acid. 
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TABLE  3.  Acids,  Rr*CH(CH3)CH2CH(CH3)-COOH 


u 


M  r  i  M  r  1  r'l  r'l  -M 


r  I  'r  ro 
ix^  X.  'X; 

— *  rc  ro 

1--  I'-  t’- 1''  I-  1^ 


I  "?i  2  ^  ^ 

!j  cj 

ji 

|!  c;  ic  iq  co  co 
'  c!  ^  ri  rJ  '^i  M*  ri 


'M  CJ  CN|  <M  M  n  c^ 


i-  I  -  I'- 


O  cc 

1.":  CD  CD 


CO  I*-  cc  ^c 


>  CD  oc  on 


-c  ro  » r.  CO 
cc  00  (X  aj  c/j  a>  o 
00  cc  cc  c/;  C/^  00  oc 
o  o  o  o  o  o  o 


O  C  CD  O  r-*  O  ' 
c'j  '‘T  LO  CC  cr>  i 

v'r  v-f  vT  v-rvTvr- 
vr  vr  ^  vT  vy  vr  ’ 


^  _ _ ^  * 

cj  c 

o 

CO  O  Vf  lO  « 
sr  uO  v*r 

777771 

CO  iC  oc  ^  J 
NT  CD 


iC  iC  NT  t^  t^ 


C  = 

CO  CV| 

«  CO 

* 

CO  u?  ^  cr 

t'-  X  r.  S  «o 

w  U  w  U  C  CJ 

c  cj  a  c  c  c  a 


£ 

^  E 
O  ^ 


u  . 
^  f2 

u  • 

^  S 

u 

I 

as 

n 

.  ® 

DS  * 


U 

X 

u 

I 

C4 

X 

u 


5 

S' 

u 

I 

OS 


>, 

X 


W)  ra 

5  -  E 

E 

o  o 

CO  C,i-H 


cc  CO  00  00  w 

o  d  cf  o  o 


S'!  CO  rg  cc  vM 
CO  vr  lO  rc  I  ' 
UO  UO  UO  lO  lO 

vr  vr  sr  '■T  'S' 


c-j  or  vr  CO 
'a- 00  s:  — ■ 

77777 

—  :ct~co—i 
•trt'OCO  — 
— <  IM  CM 


to  'O;  CM  O 

vj-  C'i  OC  vr  CO 

—  —  —  Cl 


<o  w  r^  o> 


c  c  c  c  c 
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CeH.jlCHajCIf  11.7  153-156  1.4580  i  0.8235  121.49  122.90  85.32,85.50  14.57.14.73  CogHr,;  85.16  14.84  1  37.39 

C4ll9CH(G2n5)CH2  12.7  142-143  1.4580  j  0.8226  121.60  122.90  8.5.17,84.91  14.90,14.69  C^eHo^  85.16  14.84 1  36.05 


4-K!ethyI-2-undcccne.  Heptyl  bromide  (358.5  g;  2  molC!;)  added  in  4  hr  to  a  stirred  snfpension  of  fo  g 
(2.5  moles)  of  magnesium  in  1350  ml  of  ether.  The  ether  solution  was  stirred  for  another  hour  alter  all  of  the 
bromide  had  been  added,  and  then  the  excess  magnesium  was  filtered  and  the  amount  of  Grignard  reagent  in  the 
ether  solution  was  determined  (by  back  titration).  Tins  was  followed  by  the  addition  of  251  g(2.4  moles)  of  2- 
-chloro-3-pentene  in  2.5  hr  to  the  ether  solution  of  heptylmagnesium  bromide;  after  standing  overnight  the  reac¬ 
tion  mixture  was  refluxed  for  8  hr.  and  then  it  was  decomposed  with  water  and  hydrochloric  acid.  The  subse¬ 
quent  operations  were  conventional.  After  removal  of  the  ether,  the  residue  was  vacuum- distilled  to  yield  excess 
2-chloro-4-pentene  and  231  gfGS.b^)  of  4-methyl-2-undecene. 

4- Methyl- 2-bromoundecanc.  A  charge  of  215  g  ( 1.28  moles)  of  the  olefin  was  placed  in  an  Erlenmeyer 
flask.  Then  hydrogen  bromide  was  bubbled  through  the  olefin  for  29  hr  at  0—5°  The  increase  in  weight  was  143  g 
(theory  is  104  g).  The  obtained  bromide  was  washed  with  water  and  then  with  dilute  sodium  carbonate  solution, 
diluted  with  an  equal  volume  of  ether,  and  dried  over  CaCl2.  Vacuum-distillation  of  the  reaction  mixture  resulted 
in  the  isolation  of  unreacted  olefin  and  241  g  (74.370)  of  4-methyl-2-bromoundecane. 

2,4-Dimethylundecanoic  acid.  4- Methyl- 2-bromoundecane  (215  g;  0.88  mole)  was  added  in  5  hr  to  a  stirred 
suspension  of  84  g  (3.45  moles)  of  magnesium  in  500  ml  of  ether.  The  ether  solution  was  stirred  for  another  hour 
after  adding  the  bromide,  and  then  it  was  treated  with  500  g  of  solid  carbon  dioxide  over  a  period  of  2.5  hr.  After 
standing  for  12  hr  the  reaction  mass  was  decomposed  with  water  and  107o hydrochloric  acid.  From  the  ether  layer 
and  the  ether  extracts  of  the  w'atcr  layer  we  isolated  71  g  (  76. .3  7'' yield,  based  on  obtained  Grignard  reagent)  of 
2,4-dimethylundccanoic  acid  and  28. 4  g  (12.67)  of  8.10,1 1 .13-tctramethyleicosane. 

Order  of  hydrogen  bromide  addition  to  B -olefins.  Operating  as  described  above  in  accordance  with  Scheme 
(1),  we  synthesized  2- methyl- 4-bromopentane  with  b.p.52.5— 53°  (44  mm),  d4^  1,1576,  n^^*’  1.4440.  Tliis  same 
bromide,  prepared  in  accordance  with  Scheme  (2)  from  2-methyl-4-pentanol  and  hydrogen  bromide,  had  b.p.  51— 

—  52° (44  mm),  1.1585,  n^^®  1.4440,  Both  bromides  had  the  same  Raman  spectrum. 

Ai/  cm"':  149(2  wide),  230  (Iw),  299  (5w),  360  (2),  402(2),  472  (3w),  544(10),  620  (7w),  823(7),  860  (1), 
901  (.3),  962  (2w),  993(0),  1052(1),  1079(1)  1152  (3w),  1204(4),  1250  (1),  1343(2),  1450  (6),  1464(6),  2870  (10), 
2922(8),  2963  (  10),  2989 

The  second  isomer  of  2-methyl-4-bromopentane,  which  could  be  formed  when  2-methyl- 3-pentene  is  reac¬ 
ted  with  HBr,  namely  2- methyl- 3-bromopcntane,  was  also  obtained  by  us  by  reacting  hydrogen  bromide  with  2- 
-methyl-3-pentanol  (which  was  prepared  from  propionaldchyde  and  iscpropylmagnesium  bromide),  and  had  the 
following  constants:  b.p.  48— 49'’(43  mm),  d^*  1.1450,  n^^®  1.4438. 

Raman  spectrum.*  Au  cm"';  149(3),  278  (5),  299(10),  332(0),  406  (0),  434  (0),  484(4),  515(9),  606  (3w), 
745  (Ow),  787  (2),  809  (4w),  861  (1),  903  (.3),  9.58  (0),  10.35(2),  1065  (1),  1095(1),  1121  (2),  1147  (4),  1200  (Ow), 
1228(1),  1.311  (2),  1387  (0w),  1434  (4w).  1448  (4w),  2831  (2),  2874(10),  2912(10),  2930  (9),  2965(10),  2984(5). 

SUMMARY 

1.  A  number  of  2-alkyl- 3-pentenes  were  synthesized  from  2-chloro- 3-pentene  and  alkylmagnesium  bro¬ 
mides. 


2.  It  was  shown  that  only  2-alkyl-4-bromopentanes  are  formed  when  hydrogen  bromide  adds  to  these  6 -olefins. 

3.  A  number  of  C12— Cjfi  acids,  having  either  two  or  three  branched  chains  in  the  main  hydrocarbon  chain, 
were  synthesized  from  2-alkyl- 4-bromopentanes  by  the  Grignard  method. 
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As  had  been  shown  in  the  previous  paper  [1],  in  the  alkaline  oxidation  of  isopropylbenzene  the  process, 
after  a  short  period  of  accelerated  reaction,  proceeds  at  a  slower  rate.  However,  the  rate  of  this  process  in  an 
alkaline  medium  is  always  considerably  greater  than  the  oxidation  rate  of  pure  isopropylbenzene  in  the  absence 
of  activating  additives.  Consequently,  in  the  alkaline  process  an  acceleration  of  the  reaction  is  observed  even 
after  the  main  portion  of  the  free  caustic  alkali  has  been  consumed.  Tliis  effect  must  be  explained  as  being  due 
to  the  beneficial  influence  exerted  by  the  salts  that  are  formed  in  the  reaction  of  the  caustic  alkali  with  the  acid 
by-products  of  the  reaction,  i.e.,  with  the  carbon  dioxide  and  organic  acids. 

The  beneficial  influence  exerted  by  these  salts  may  be  explained  in  harmony  with  the  concepts  developed 
earlier  for  the  reaction  mechanism  of  the  oxidation  of  isopropylbenzene  involving  manganese  [2.  4].  These  con¬ 
cepts  are  based  on  the  assumption  that  the  mechanism  involves  a  rupture  of  the  reaction  chains  due  to  acidic  de¬ 
composition  of  the  isopropylbenzene  hydroperoxide  in  accordance  with  the  reaction  first  described  for  mineral 
acids  by  R.  Yu.  Udris* ,  and  also  by  Hock  and  Lang  [3],  and  later  confirmed  experimentally  for  the  case  of  a  strong 
organic  acid  [4],  in  accordance  with  the  scheme: 


c,ii,(:(r.n,),oon  —  c,u,ou +  (CH3y’.o. 

According  to  the  above  mentioned  concepts  [2,  4],  the  phenol  is  converted  to  benzoquinone,  which  quanti¬ 
tatively  binds  the  free  radicals,  functioning  to  propagate  the  chain  oxidation  process  [5]. 

As  a  result,  if  alkaline  salts  of  weak  acids  are  present  in  the  reaction  medium,  capable  of  binding  the  stronger 
acids  liberated  in  the  oxidation  process,  and  in  particular  formic  acid,  then  this  eliminates  the  possibility  of  the 
acidic  decomposition  of  isopropylbenzene  hydroperoxide  taking  place,  and  consequently  inhibition  of  the  oxida¬ 
tion  process  is  prevented. 

To  confirm  these  theories  we  ran  some  experiments  on  the  oxidation  of  quite  pure  isopropylbenzene,  which 
was  obtained  by  alkylation  using  aluminum  chloride  as  catalyst  (Sample  I)  in  the  presence  of  various  alkaline 
additives,  introduced  in  equivalent  amounts.  Both  the  experimental  procedure  and  the  method  of  making  the 
calculations  were  described  earlier  [1].  First  of  all,  the  kinetic  curves  plotted  in  Fig.  1  show  that  not  one  of  the 
added  alkaline  salts  gives  the  initial  "jump"  of  an  accelerated  rate,  characteristic  for  free  caustic  alkali.  Conse¬ 
quently,  not  only  sodium  carbonate,  as  was  mentioned  in  the  previous  paper  [1],  but  also  the  alkaline  salts  of 
organic  acids  are  incapable  of  activating  the  formation  of  free  radicals,  which  is  the  case  when  the  oxidation 
process  is  run  in  the  presence  of  free  alkalies.  An  examination  of  the  curves  in  Fig.  1  also  permits  the  conelusion 


•  Cited  from  [2]. 
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that  all  of  the  alValinc  additives  tend  to  accelerate  the  oxidation  of  isopropylbenzene  when  compared  to  running 
the  process  witfiout  an  additive  (Curve  1),  in  which  connection  this  acceleration,  hardly  noticeable  at  the  very 
start  of  reaction,  increases  with  increase  in  the  extent  of  isopropylbenzene  transformation.  These  observations  are 
found  in  agreement  wirh  the  above  mentioned  concepts  regarding  the  protective  action  of  alkaline  additives, 
which  reduces  to  a  binding  of  the  acid  by-products  formed  in  the  oxidation  process.  Finally,  a  comparison  of 
Curves  2-5  in  Fig.  1  reveals  that  the  quantiLative  effect  of  the  acceleration  is  essentially  dependent  on  the  nature 
of  the  anion  of  the  alkaline  salts,  in  which  connection  the  accelerating  influence,  as  a  first  approximation.  Is 
inversely  proportional  to  the  strength  of  the  acid. 


The  observations  made  during  the  oxidation  of  comparatively  pure  isopropylbenzene  made  it  possible  to 
assume  thar  the  mentioned  additives  could  also  prove  effective  in  the  oxidation  of  a  less  pure  isopropylbenzene 
and,  in  particular,  in  the  oxidation  of  tlie  isopropylbenzene  obtained  by  alkylation  using  phosphoric  acid  as  the 
catalyst,  which  material,  as  was  shown  in  the  previous  paper  [1],  is  hardly  oxidized  at  all  in  the  absence  of 
caustic  alkali.  To  verify  this  we  ran  some  experiments  in  which  sodium  stearate  was  used  as  the  protective  addi¬ 
tive.  In  this  series  of  experiments  we  used  two  different  samples  of  isopropylbenzene,  both  obtained  by  alkylation 
using  phosphoric  acid  as  the  catalyst;  Sample  II,  the  characteristics  of  which  are  given  in  Table  1  of  the  previous 
paper  [1],  and  the  same  sample,  but  after  it  had  been  treated  with  6  successive  portions  of  coned,  sulfuric  acid 
for  a  long  time,  followed  by  fractionation  tlirough  an  efficient  laboratory  column  (Sample  ni).  In  addition,  for 
comparison  in  these  experiments,  the  initial  formation  of  free  radicals  was  accomplished  either  by  tire  thermal 
decomposition  of  the  large  amount  of  hydroperoxide  added  to  the  starting  isopropylbenzene,  or  by  the  decomposi¬ 
tion  of  azobisisobut)’ronitrile,  the  use  of  which  for  this  purpose  was  described  in  the  previous  paper  [1].  The  corres 
ponding  data  are  given  in  Table  1  and  they  are  also  plotted  as  the  kinetic  curves  shown  in  Figs.  2—4. 


Fig.  1.  Kinetics  of  the  oxidation  of  iso¬ 
propylbenzene  (1)  in  the  presence  of 
equivalent  amounts  of  sodium  hydroxide 
and  iLc  salts.  1)  Without  additive;  2) 
HCOONa;  3)  NajCOg:  4)  CiTHjsCOONa; 
5)  CgHgCOONa;  6)  NaOH  O.OS^o. 


Fig.  2.  Kinetics  of  the  oxidation  of 
purified  isopropylbenzene  (III)  in  the 
presence  of  sodium  stearate.  1)  With¬ 
out  additive,  initiator  isopropylbenzene 
hydroperoxide;  2)  likewise,  initiator 
azobisisobutyronitrile;  3)  0.2f1c  CnHa* 
COONa,  initiator  isopropylbenzene  hydro' 
peroxide;  4)  likewise,  initiator  azobisiso¬ 
butyronitrile. 


An  examination  of  the  curves  in  Fig.  2  reveals  that  in  the  oxidation  of  the  purified  isopropylbenzene  the 
influence  of  the  protective  additive  on  the  reaction  rate,  irrespective  of  whether  the  process  is  initiated  by  "seed¬ 
ing"  with  hydroperoxide  or  by  the  decomposition  of  azobisisdjutyronitrile,  is  comparatively  small,  in  which  connec¬ 
tion  the  effect  of  the  stearate  is  primarily  reflected  in  a  shortening  of  the  induction  period,  after  which  the 
branches  of  the  cur\es  become  almost  parallel. 
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Fig.  3.  Kinetics  of  the  o.xidation  of 
impure  isopropylbeii.-ene  dl)  in  the 
presence  of  soi-tinm  stcar.ite.  l)V‘,'ith- 
out  additive,  initiator  IPBHP;*2)  like¬ 
wise,  initiator  azobisisobutyronitrile; 

CnMagCCXlNa,  initiator  IPBHP; 
4)  likewise,  initiator  azobisisobutyro¬ 
nitrile. 


Fig.  4.  Fffect  of  the  time  at  whicii 
the  sodium  stearate  is  added  on  the 
kinetics  of  the  oxidation  of  impure 
isopropylbenzene  (II)  (when  initiated 
using  azobisisobutyronitrile).  1) 
Ci7H35COONa  added  30  min  after 
the  start  of  the  oxidation  process; 

2)  Ci7H35COONa  added  at  the  start 
of  the  process. 


An  examination  of  the  curves  in  Fig.  2  reveals  that  in  the  oxidation  of  the  purified  isopropylbenzene  the 
influence  of  the  protective  additive  on  the  reaction  rate,  irrespective  of  whether  the  process  is  initiated  by  "seed¬ 
ing"  with  hydroperoxide  or  by  the  decomposition  of  azobisisobutyronitrile,  is  comparatively  small,  in  which 
connection  the  effect  of  the  stearate  is  primarily  reflected  in  a  shortening  of  the  induction  period,  after  which 
the  branches  of  the  curves  become  almost  parallel. 

The  fact  that  some  difference  exists  in  the  experiments  run  using  different  methods  of  initial  initiation 
also  deserves  some  consideration.  Thus,  a  comparison  of  Curves  1  and  2  (without  sodium  stearate)  reveals  that 
they  diverge  after  their  intersection  at  the  point  corresponding  to  a  content  of  6*7''  hydroperoxide  in  the  reaction 
mass,  in  which  connection  Curve  2  (using  azobisisobutyronitrile  as  initiator)  was  practically  out  of  the  induction 
period  by  this  time,  whereas  Curve  1  for  the  "hydroperoxide"  initiation  had  failed  to  reach  even  the  middle  of 
the  induction  period.  An  analogous  character,  although  expressed  less  sharply,  is  also  possessed  by  Curves  3  and  4 
(for  the  sodium  stearate  protected  process).  Besides  this,  some  difference  in  the  reaction  rates  is  also  observed  for 
the  process  outside  the  limits  of  the  induction  period.  Thus,  the  slope  of  the  curves  in  the  region  where  the  extent 
of  oxidation  exceeds  207^  is  12— i;)7i’  greater  for  the  processes  initiated  using  azobisisobutyronitrile  than  when  the 
oxidation  is  initiated  through  the  decomposition  of  the  hydroperoxide  itself.  It  is  possible  to  explain  this  by  assum¬ 
ing  that  the  isopropylbenzene  hydroperoxide  used  as  the  "seed"  contained  some  harmful  impurities,  which  were 
formed  in  the  preparation  of  the  material  and  during  storage.  Harmful  impurities  were  not  introduced  into  the 
starting  reaction  mass  in  the  case  of  where  azobisisobutyronitrile  was  used. 

An  important  result  deriving  from  the  above  discussed  experiments  is  the  observation  that  harmful  impurities, 
present  even  in  the  isopropylbenzene  that  had  been  purified  with  extreme  care  in  advance,  exert  an  inhibiting 
action  on  the  process.  Thus,  in  the  experiments  initiated  with  azobisisobutyronitrile  (Curves  2  and  4),  i.e.,  where 
the  possibility  of  introducing  harmful  impurities  with  the  hydroperoxide  is  excluded,  a  substantial  reduction  in 
the  length  of  the  induction  period  was  observed  when  sodium  stearate  was  added.  This  result  could  appear  only 
as  the  consequence  of  eliminating  the  harmful  action  of  the  impurities  present  in  the  starting  isopropylbenzene, 
and  not  of  the  substances  formed  during  the  oxidation  of  the  isopropylbenzene  itself.  In  support  of  this  conclusion 

*  Isopropylbenzene  hydroperoxide. 
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TABLE  1 

Effect  of  the  Protective  Addition  of  Sodium  Stearate  on  the  Oxidation  of  Pure  and  Impure  Isopropylbenzene,  Obtained  by  Alkylation  Using 
Phosphoric  Acid  as  the  Catalyst 
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Isopropylbenzene  hydroperoxide. 


Oxidation  of  Impure  Isopropylbenzene  (II)  in  the  Presence  of  Equivalent  Amounts  of  NaOH  and  Ci7H35COONa 
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we  have  drawn  tangents  to  the  linear  segir.cn';-,  ef  (nirvcs  g  i 
(see  the  dotted  lines  in  Fitt.  Item  which  it  can  he  seen  tliat 
the  tangent  for  the  expetunent  using  soviirm  ,-!e  irate  p.i.;ses  thror.r.li 
the  origin,  while  for  ttie  unprotected  process  t!ic  tangent  intcrsccLs 
the  abscissa  at  a  point  roughly  corresponding  to  the  time  consumed 
in  overcoming  the  inhibiting  effect  of  the  harmful  impurities 
present  in  the  starting  isopropylbenzene. 

In  accordance  with  these  considerations  it  could  be  expec¬ 
ted  that  sodium  stearate  would  exert  a  much  greater  protective 
action  in  the  oxidation  of  the  impure  isopropylbenzene  (Sample 
II),  and  this  was  confirmed  by  the  experimental  data,  which  are 
plotted  in  Fig.  3.  Here  Curves  1  and  2  for  the  experiments  without 
sodium  stearate  show  that  without  alkaline  protection  the  oxida¬ 
tion  of  the  impure  isopropylbenzene,  with  both  methods  of  initia¬ 
tion,  hardly  goes  at  all  and  is  accompanied  by  a  nearly  complete 
decomposition  of  the  hydroperoxide  (see  Fxpts.  5  and  7  in  Tabic 
1).  When  0.3  wt.  of  sodium  stearate  is  added,  the  oxidation 
process,  irrespective  of  whether  it  is  initiated  using  hydroperoxide 
or  azobi'imbi]t)Tonitrile,  goes  at  i  sufficiently  rapid  r.atc  and 
witli  little  decomposition  of  the  isopropylbenzene  hydroperoxide 
(sec  Curves  3  and  i  in  Fig.  ’>  and  Fxpts.  0  and  8  in  Table  1). 

As  a  result,  the  use  of  sodium  stearate  as  a  protective  agent 
in  the  oxidation  of  isopropylbenzene  proved  to  be  effective  not 
only  as  regards  the  inhibiting  action  exerted  hy  the  substances 
formed  during  the  oxidation  of  the  purified  isopropylbenzene, 
but  also  as  regards  the  inhibiting  action  exerted  by  the  large  a- 
mounts  of  harmful  impurities  present  in  the  starting  impure  iso¬ 
propylbenzene.  As  was  sliown  in  Table  2,  the  difference  between 
the  process  for  the  oxidation  of  the  impure  isopropylbenzene  using 
sodium  stearate  and  running  the  alkaline  process  in  the  presence 
of  an  equivalent  amount  of  sodium  hydroxide  consists  in  some  re¬ 
duction  in  the  efficiency  of  tlie  process  due  to  a  lengthening  of 
the  induction  period,  but  with  a  noticeable  decrease  in  the  degree 
of  hydroperoxide  decomposition  at  small  values  for  the  extent  of 
isopropylbenzene  conversion. 

Consequently,  in  the  oxidation  of  isopropylbenzene,  when  it 
is  desired  to  obtain  the  purest  isopropylbenzene  hydroperoxide 
possible,  which  is  especially  important  in  the  production  of  phenol 
and  acetone,  the  use  of  sodium  stearate  or  other  alkaline  salts  of 
weak  acids  as  protective  additives  can  possess  considerable  practi¬ 
cal  interest. 

A  comparison  of  Curves  3  and  4  in  Fig.  3  also  makes  it 
possible  to  corroborate  the  advantages  mentioned  above  as  regards 
the  use  of  azobisisobutyronitrile  to  initiate  the  oxidation  process 
when  compared  with  isopropylbenzene  hydroperoxide  "seeding". 
Thus,  Curve  4  for  the  azobisisobutyronitrile  has  a  greater  slope 
toward  the  ordinate  than  does  Curve  3  (for  the  hydroperoxide), 
which,  with  all  of  the  other  conditions  constant,  corresponds  to 
an  acceleration  of  the  process  by  approximately  15-2070.  This 
observation  can  also  possess  practical  interest,  since  azobisiso- 
butyroniirile  is  a  readily  available  technical  product,  sold 
under  the  trade  name  of  "Porofor  N". 

The  shape  of  Curves  1  and  2  in  Fig.  3  (for  the  experiments 
not  protected  by  sodium  stearate)  makes  it  possible  to  arrive  at 
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some  conclusions  regarding  the  character  of  the  processes  inhibiting  the  oxidation  under  the  influence  of  the  harm¬ 
ful  impurities  present  in  the  isopropylbenzene.  Tlius,  at  the  start  of  these  experiments  a  distinct  increase  is  ob¬ 
served  in  the  concentration  of  isopropylbenzene  hydroperoxide  in  the  reaction  mass,  with  a  relatively  small  con¬ 
sumption  of  it  (see  Table  1),  and  only  after  a  certain  maximum  has  been  reached  does  the  concentration  of  the 
hydroperoxide  decrease,  with  a  simultaneous  sharp  increase  in  the  extent  of  its  decomposition.  These  facts  make 
it  possible  to  assume  that  the  impurities  initially  present  in  tlie  starting  crude  are  incapable  by  themselves  of 
inhibiting  the  oxidation  process,  and  that  only  the  acidic  products  of  their  transformation  during  the  oxidation 
process  manifest  an  inhibiting  action.  Inasmuch  as  the  harmful  influence  of  these  praiucts  is  removed  by  alkaline 
additives  (see  Curves  3  and  4  in  Fig.  3),  it  may  be  assumed  that  they  have  an  acid  character,  the  same  as  the 
organic  acids  that  are  formed  as  by-products  in  the  oxidation  of  isopropylbenzene  itself.  A  comparison  of  Curves 
1  and  2  also  lends  support  to  the  above  mentioned  postulation  that  the  proeess  initiated  by  azobisisobutyronitrile 
proceeds  hotter  than  does  the  "hydroperoxide"  process,  due  to  the  introduction  with  the  hydroperoxide  of  impurities 
that  arc  harmful  for  the  process.  In  accordance  witli  this.  Curve  1  drops  more  rapidly  with  time  and  is  characterized 
by  higiicr  rates  of  hydroperoxide  decomposition  (see  Expt.  5  in  Table  1). 

Tlic  data  presented  above  indicate  that  when  the  impure  isopropylbenzene  (Sample  11)  is  oxidized  in  the 
presence  of  protective  alkaline  additives,  the  same  as  when  the  process  is  run  with  free  alkali  present,  a  decom¬ 
position  of  the  harmful  impurities  occiurs  in  the  initial  period  of  reaction,  i.e.,  the  isopropylbenzene  undergoes 
its  own  kind  of  purification,  after  which  the  process  proceeds  normally  at  a  more  rapid  rate. 

A  similar  oxidative  purification  is  also  accomplished  in  the  absence  of  alkaline  additives  if  a  sufficiently 
pure  isopropylbenzene  CSamplc  III)  is  u<;ed  (see  Curve  1  in  Fig.  2  and  Expt.  1  in  Table  1).  However,  the  efficiency 
of  such  a  ['urification  proves  to  be  inadequate  for  an  isonropylbenzenc  (Sample  II)  containing  large  amounts  of 
harmful  impurities,  as  was  observed  for  the  impure  isopropylbenzene  obtained  by  alkylation  in  the  presence  of 
4  phosplioric  acid  (sec  Curves  1  and  2  in  Fig.  3),  and  in  this  case  only  the  introduction  of  an  alkaline  additive  could 

prevent  a  complete  stoppage  of  the  process. 

Tlic  protective  action  of  alkaline  additives,  and  in  particular  of  sodium  stearate,  is  manifested  not  only  in 
the  period  of  the  stationary  oxidation  of  the  isopropylbenzene  itself,  where  the  acid  by-products  of  the  transforma¬ 
tion  of  the  latter  are  bound,  but  also  in  the  initial  stage  of  the  process,  corresponding  to  the  period  of  the  oxida¬ 
tive  purification  of  the  starting  isopropylbenzene.  To  determine  the  specific  effect  of  protective  alkaline  additives 
in  each  of  these  periods  we  ran  a  number  of  experiments  (using  azobisisobutyronitrile  as  the  initiator),  the  results 
of  which  are  shown  in  Fig.  4.  Curve  1,  corresponding  to  the  experiment  where  the  sodium  stearate  was  added  30 
min  after  the  start  of  oxidation,  indicates  a  substantial  reduction  in  the  reaction  rate  when  compared  with  the 
experiment  where  the  sodium  stearate  was  added  to  the  starting  isopropylbenzene  (Curve  2),  in  which  connection 
the  initial  rise  in  the  amount  of  hydroperoxide  during  the  period  of  azobisisobutyronitrile  decomposition  proved 
to  be  greater  in  the  latter  experiment  than  in  the  case  where  the  sodium  stearate  was  added  after  30  min. 

The.se  data  permit  the  conclusion  that  tae  protective  role  of  alkaline  additives  is  especially  great  at  the 
start  of  the  process,  i.e.,  during  the  period  of  decomposing  the  harmful  impurities,  since  the  acid  products  formed 
in  the  oxidation  of  the  latter,  not  being  bound  in  time,  lead  to  a  large  accumulation  in  the  reaction  mass  of 
substances  inhibiting  the  process,  which  no  longer  can  be  rendered  harmless  by  the  later  addition  of  alkaline 
salts. 


As  a  result,  the  mechanism  for  the  inhibiting  action  of  the  harmful  impurities  present  in  technical  isopropyl¬ 
benzene  can  be  regarded  as  identical  with  the  mechanism  for  the  inhibition  of  the  process  by  the  side  products 
of  the  oxidation  of  isopropylbenzene  itself,  reducing  to  a  development  of  the  reaction  for  the  decomposition  of 
isopropylbenzene  hydroperoxide  to  phenol  under  the  influence  of  strong  acids. 

SUMMARY 

1.  The  concepts  regarding  the  inhibition  of  the  oxidation  of  isopropylbenzene  by  the  products  of  the  acid 
decomposition  of  its  hydroperoxide  were  confirmed.  The  addition  of  the  alkaline  salts  of  weak  organic  acids 
inhibits  the  reaction  for  the  acid  decomposition  of  isopropylbenzene  hydroperoxide  by.  binding  the  strong  organic 
acids  formed  in  the  oxidation  process. 

2.  Salts  of  organic  acids  do  not  activate  the  alkaline  decor^^'csition  of  isopropylbenzene  hydroperoxide  with 
the  formation  of  free  radicals,  as  was  observed  in  the  presence  of  free  caustic  alkali. 
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.1.  Alkaline  salts  of  organic  aeiJs  accelerate  the  oxidation  of  isopropylhenzcnc  when  compared  to  running 
the  process  without  alkaline  additives.  The  quantitative  effect  of  the  acceleration  depends  on  the  nature  of  the 
anion  of  the  acid  and  as  a  first  approximation  is  inversely  proportional  to  the  strength  of  the  acid. 

4.  The  harmful  impurities  present  in  technical  isopropylbenzene  do  not  by  themselves  inhibit  the  oxidation 
of  Isopropylbenzene,  but  instead  it  is  the  acid  products  of  their  transformation  that  function  as  the  inhibitors. 

5.  The  greatest  effect  of  the  protective  additives  Is  observed  in  the  initial  stage  of  the  oxidation  process, 
where  an  intense  accumulation  of  inhibiting  substances  occurs. 

6.  The  inhibiting  effect  exerted  by  the  harmful  Impurities  present  in  technical  Isopropylbenzene  is  identical 
In  its  character  to  inhibition  of  the  oxidation  process  by  the  side  products  of  the  acid  decomposition  of  isopropyl¬ 
benzene  hydrop>eroxide. 
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It  is  known  that  the  lise  of  allylic  type  halides  in  the  Grignard  — Wurtz  reaction  leads  to  a  substantial  increase 
in  tlic  yield  of  condensation  product.  Hov/cver,  here  the  halides  as  a  rule  undergo  allylic  rearrangement,  rc’sulting 
in  the  formation  of  a  mixture  of  isomeric  compounds,  the  separation  of  which  requires  the  use  of  highly  efficient 
rectification  equipment.  In  tliis  paper  we  were  the  first  to  synthesize  the  allylic  type  halide  3-(bromomethyl)-2,2- 
-dimcthyl-3-butene.  the  structure  of  which  excludes  the  possibility  of  obtaining  isomeric  compounds  when  it  is 
used  in  the  Grignard— Wurtz  reaction. 


CH3  CH3 

I  I 
CII3— c-c=cn,  -f  RMgX  — >  CH3-C-C=CH2  + 

II  II 

CHaCHjBr  CH3CH2R 

A  number  of  new  hydrocarbons  of  composition  Cp— Cj4were  obtained  by  this  scheme  in  quite  good  yields 

(30— 70*7^).  The  indicated  halide  v;as  condensed  with  ethyl-,  n-butyl-,  n-heptyl-  and  benzylmagr.esium  bromides 
and  with  tert-butylmagnesium  cliloride.  In  addition,  the  3-(bromomethyl)- 2,2-dimethyl- 3-butene  was  condensed 
by  the  Wurtz  reaction. 

The  starting  3-(bromomcthyl)-2,2-dimethyl-3-butene  was  obtained  in  40. yield  by  the  bromination  of 
2, 2, 3- trimethyl- 3-butene  v/ith  N-bromosurcinimide  (prepared  by  the  procedure  given  in  [1])  in  accordance  with 
the  scheme: 


CHo— C-/ 

I  “  > 

CH2-C(^ 


O  CH3 

I 

NBr +  CH3— C— C--CH2 

I  I 

O  CH3  CH3 


,0  CH3 

Clio— Cf  I 

>NH  4-  CH3— C-C=CH, 

I  I 

CH3  CHaBr 


C\h-C^ 

^0 


The  conditions  for  brominating  the  2,2,3-trimcthyl-3-butene  were  taken  from  [2],  where  examples  of 
brominating  monoolefins  with  N-bromosuccinimide  for  the  purpose  of  putting  the  halogen  in  the  allyl  position 
are  given. 

Condensation  of  the  obtained  allylic  type  bromide  with  alkyl  (aryl)  magnesium  halideswascarried  out  in 
the  conventional  Grignard  apparatus  using  a  modification  of  the  method  described  in  [3].  Specifically,  this  modi¬ 
fication  consisted  in  adding  double  the  theoretical  amount  of  organomagnesium  compound  to  the  allylic  type 
halide.  In  all  cases  the  condensation  was  run  at  the  boiling  point  of  diethyl  ether.  After  the  usual  treatment,  the 
reaction  products  were  vacuum-distilled  twice  from  sodium,  employing  either  a  precise  fractionation  column  or 
a  long  Vigreux  column. 
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CH,  CIIj 

CH,-C - CH~(CH,),-CH, 

I 

CH, 

2,2,3- Trlmethylundecane  86(8)  1.4340  0.7714  66.95  66.85  84.81.  84.72  15.21,  15.32  C14H30  84.76  15.24 


In  this  experiment  the  allylic  type  bromide  was  added  to  the  organomagnesium  compound. 
•  Found  Br  44.41.  C7Hi3Br.  Calculated  fo:  Br  45.13. 


Tlie  condensation  of  3-(bromomctl:;  !»- J,2-uiTTic:hyi-;'-butenc  by  the  Wnrtz  reaction  (i.sipij  tnctallic  sodium) 
was  carried  out  employing  the  procedure  described  in  [4]. 

One  of  the  condensation  products,  2.2-dimcthyl-3-mcthylenehexane,  was  oxidized  with  lO'Tipotassium 
permanganate  solution.  The  obtained  oxidation  products,  propyl  tert-bntyl  ketone  and  formic  acid,  confirm  the 
structure  of  the  above  named  hydrocarbon.  In  the  rase  of  2,2.3,6,7,T-hexamethyloctane  we  took  the  infrared 
spectrum  of  the  compound,  and  here  the  spectra i  data  confirmed  the  presence  of  eight  methyl  and  two  methylene 
groups  in  the  hydrocarbon  molecule.  2,2,7,7-Tctramethyl-3,6-dimethylcneoctane,  2,2-dimcthyl-3-methylene- 
undccanc  and  2, 2-dimethyl- 3-methylcne-3-phcnylpentane  were  converted  to  the  corresponding  .saturated  hydro¬ 
carbons  (isoparaffins  and  alkyl-substituted  cyclohexane)  by  hydrogenation  in  an  autoclave  over  nickel  catalyst  at 
160—  170*  and  an  initial  Hj  pressure  of  100  atm.  The  pro{xirties  of  the  compounds,  obtained  for  the  first  time,  are 
given  in  the  Table. 

SUMMA  RY 

1.  The  bromination  of  2,2,o-tr!mcthy!-3-bi!tonc  with  N'-bromo.succinimide  gave  t!ic  new  allylic  type  halide. 
3-(bromomethyl)-2,2-dimethyI-3-butcne.  the  structure  of  which  excludes  the  possibility  of  allylic  rearrangement 
when  the  compound  is  condensed  with  alkyl  (ary!)  magnesium  halides. 

2.  The  condensation  of  3-(hromc.metI';yl)-2,2-din'.ct!''  1- .n-hr.tene  with  a'kylmagnc^ium  haiicles,  and  also  by 
the.  Wnrtz  reaction,  gave  in  high  yield  (30— 7('‘T')  nine  new  hydrocarbons  of  composition  Cg— C^.j,  having  a  brar’.chcd 
structure. 
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When  making  a  detailed  study  of  the  isorr.eric  transformationsof  carbonyl  compotinds  the  need  arises  at 
times  of  identifying  the  aromatic  hydrocarbons,  adjacent  members  of  a  homologous  series,  found  in  admixture 
with  each  other. 

In  order  to  identify  2-phenylbutane  and  3- phenyl  pentane,  found  in  admixture  with  each  other,  we  synthesized 
these  hydrocarbons,  prepared  their  acylamino  derivatives,  and  then  subjected  binary  mixtures  of  the  eorresponding 
derivatives  to  thermal  analysis  under  such  conditions  as  would  permit  operating  with  small  amounts  of  the  test 
materials. 

The  melting  points  of  mixtures  of  the  benzoyl  derivatives  of  2-(p-a  mi  nophenyl)  butane  and  3-(p-amino- 
phenyl)  pentane  were  read,  as  were  aLso  those  of  the  acetyl  and  benzoyl  derivatives  of  2-(2,4-diaminophenyl) 
butane  and  3-(2,4-diaminophenyl)  pentane.  , 

EXPERIMENTAL 

The  synthesis  of  2-phcnylbutane  and  its  acylamino  derivatives  was  described  earlier  [1].  The  3-phenyl- 
pentane  derivatives  were  obtained  in  a  similar  manner. 

3- Phenyl  pentane.  To  prepare  this  eempound  we  took  31  g  of  diethylphenylcarbinol,  synthesized  by  the 
Grignard  reaction,  and  having  b.p.  116.5—118“  at  24  mm  (from  [2];  b.p.  110—112“  at  20  ram),  and  reduced  it 
with  hydrogen  iodide  (7  g  of  red  phosphorus,  25  ml  of  hydriodic  acid  with  b.p.  127“,  and  34  g  of  iodine).  The  yield 
of  the  hydrocarbon  was  24  g. 

B.p.  78-79“  at  18  mm,  79-80“  at  19  mm.  d’''4  0.8667,  d‘’4  0.8780. 

From  [3],  3-phenylpcntane  has  b.p.  73—74“  at  12  mm. 

3-(p-Nitrophenyl)  pentane  and  3-(2,4-dinitrophenyl)  pentane.  3- Phenyl  pentane  was  nitrated  under  the  condi¬ 
tions  used  to  nitrate  2-phcnvlbutane  fll.  Tlie  following  frat^ons  were  obtained  when  17,5  g  of  the  product  was 
distilled  at  14  mm:  1st,  b.p.  160—182“,  11.1  g;  2nd.  b.p,  187-188“,  9.7  g;  residue  (tar),  about  1  g.  The  1st 
fraction  was  redistilled  twice.  We  obtained  7  g  of  3-(p-nitrophenyl)  pentane  as  a  pale  yellow  liquid  with  a  char¬ 
acteristic  odor. 

B.p.  148-149“  at  13  mm,  d^4.1.04881,  d°4  1.06328,  n^^^  1.52621,  MRp  56.41;  Calc.  55.60. 

Found  %  N  7.53.  CuHjgOjN.  Calculated  ^o:  N  7.25.  “ 

Oxidation  of  the  substance  with  1.57°  potassium  permanganate  solution  gave  p-nitrobenzoic  acid  (m.p. 

238“). 
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Tlic  ‘2nd  fraction  quickly  crystal  line  J  to  a  pale  y  ina-s.  Per'";  aIl’'aTion  fror  aloohol  g-^ve 
dinitrophcnyl)  pentane  witli  m.p.  54— .'10°. 

Found  N  11.80,  11.87.  CnHi404N2.  Calculated 'To:  N  11.76. 


Fig.  2.  Melting  points  of  binary  mix¬ 
tures  of  2,4-diacctylamino  derivatives 
of  2-phcnyll-iitanc  and  d-phcnylpcntane. 


Fig.  1.  Melting  points  of  binary 
mixtures  of  p-benzoylamino  deriv¬ 
atives  of  2-phenylbutane  and  3- 
-phenylpentane. 


The  reduction  of  p-niticphenyl)  pjentatm  was 
carried  out  itli  tin  and  i'.) dioclilorie  acid,  eniployirig 
the  same  conditions  as  were  used  to  reduce  the  corres¬ 
ponding  nitro  derivative  of  2-plicny!bntanc.  From  8  2g 
of  the  p-nitro  compound  we  obtained  4  g  of  3-(p-amino' 
phenyl)  pentane;  a  colorless  liquid  that  turned  red  on 
storage. 

B.p.  126"  at  14  mm,  d^4  0.9369,  d^  0.9510, 

1. 52225. MRp  53.08;  Calc.  52.82  Found ‘7<':  N  8.71. 
C„H,7N  Calculated  N  8.58. 

Tlie  reduction  of  3-( 2.4-dinitrophenyl)  pentane 
was  al.-io  carried  out  with  tin  and  hydrochloric  acid. 

From  4.25  g  of  the  dinitro  compound  we  obtained  2.9  g 
of  the  crude  diamine,  which  was  converted  to  the  acyl 
derivative  without  prior  purification. 


Fig.  3.  Melting  points  ot  binary  mix-  „  „  .  .  .  l  ,  . 

°  °  '  /  3-(p-Benzoylaminophenyl)  pentane  was  obtained 

tures  of  2,4-dibenzoylamino  derivatives  —¥ — ..  .  ^  r - - -  ,  ,  „  , 

,  ,  ,  \  ,  in  a  yield  of  1.7  g  from  1.8  g  of  the  amine  by  the  Schot- 

of  2-phcnylbutane  and  3-phenylpentane.  . 

r  y  r  tcn-Baumann  method.  Recrystallization  of  the  compound 

from  80'^  alcohol  gave  needle  crystals  that  formed  layers  of  glistening  plates;  m.p.  154.4-155*.  From  the  data  in 

literature,  m.p.  154*  [4]. 


Found  N  5.29,  5.44.  CigHjiON.  Calculated  ^o:  N  5  24. 


3-(2,4-Piacetylaminophenyl)  pentane  was  obtained  in  a  yield  of  1  8  g  from  1  4  g  of  the  diamine.  After 
recrystallization  from  alcohol,  m.p.  200.6—201.4*.  From  the  literature,  m.p.  199-200*  [4]. 


3-(2.4-Dibenzoylaminophenyl)  pentane  were  prepared  by  the  Schotten- Baumann  method.  Recrystallization 
from  butyl  alcohol  gave  the  compound  as  fine,  slightly  yellow  crystals  with  m.p.  243-243.4*. 

Found  'V'’:  N  7.49.  CjgHjsOzNj  Calculated  N  7.25. 

Thermal  analysis.  Mixtures  were  prepared  from  the  corresponding  pairs  of  synthesized  acylamino  derivatives 
of  2-phcnylbutane  and  3-phenylpentane  and  their  melting  points  were  read.  The  analysis  method  used  was  that 
described  for  investigating  the  isomeric  CjqH  14  hydrocarbon  pairs  [1],  The  obtained  readings  are  plotted  as  curves 
in  the  coordinates;  percent  composition— melting  point  (Figs.  1-3).  Tlic  left  side  of  each  diagram  corresponds  to 
lOO'Vc  2-phenylbutane  derivative  (B),  and  the  right  side  corresponds  to  lOO^o  3-phenylpentane  derivative  (P). 
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Under  the  conditions  of  the  investigation,  not  only  the  temperature  at  which  the  solid  phase  is  observed  to 
disappear,  but  also  the  temperature  at  which  the  liquid  phase  appears,  is  of  interest  for  characterizing  each  of  the 
mixtures.  For  this  reason  we  have  plotted  in  the  diagrams  the  fusion  curves  that  were  obtained  on  the  basis  of 
reading  the  points  of  the  start  and  end  of  melting  of  the  mixtures. 

SUMMA  RY 

In  order  to  identify  2-phenylbutane  and  n-phenylpentane,  found  in  admixture  with  each  other,  we  investi¬ 
gated  the  melting  points  of  binary  mixtures  of  the  p-benzoylamino,  2.4-diben7oylamino  and  2,1-diacetylamino 
derivatives  of  the  indicated  hydrocarbons.  The  experimental  readings  obtained  are  plotted  in  the  diagrams. 
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Several  cases  of  the  isomeric  transformations  of  a-alkyl-substituted  acetophenones  are  known  [1~3].  A 
shift  of  the  methyl  group  was  observed  in  the  case  where  both  methyl  and  ethyl  were  present  in  the  ketone. 

To  obtain  conclusive  data  on  the  migration  of  methyl  and  ethyl  under  analogous  conditions  (when  treated 
with  strong  mineral  acid)  it  seemed  of  interest  to  make  a  study  of  the  isomeric  transformation  of  a,  a-methyl- 
ethylbutyrophenone  (I)  when  it  is  heated  with  zinc  chloride.  The  results  of  this  study  revealed  that  the  isomeriza 
tion  goes  in  two  directions,  with  the  formation  of  3-ethyl- 3-phenyl- 2-pentanone  (II)  and  4- methyl- 4- phenyl- 3- 
-hexanoue  (III),  in  which  connection  the  first  direction  is  by  far  the  more  predominant. 


Q-HsCollsClls  QlI.^CHiCellr, 


\  / 
\/ 


\  / 
\ 


CO 

CO  — ♦ 

CO 

1 

CHa 

1 

1 
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(to 

(I) 

(III) 

On  the  basis  of  this  information  it  is  possible  to  conclude  that  when  ketones  containing  both  methyl  and 
ethyl  groups  are  isomerized  it  is  the  methyl  group  that  shows  predominant  shift.  And  if  the  formation  of  a  pair 
of  isomeric  ketones  was  not  detected  earlier,  then  this  is  apparently  explained  by  an  insufficiently  close  attention 
on  the  part  of  the  experimenter  and  the  difficulty  of  detecting  small  amounts  of  the  second  isomeric  ketones  when 
their  formation  is  statistically  less  probable  than  in  the  case  of  the  ketone  investigated  in  the  present  paper. 

Here  it  is  interesting  to  mention  that  in  the  molecular  rearrangement  of  pinacols,  containing  both  methyl 
and  ethyl,  it  is  the  ethyl,  and  not  the  methyl,  that  shows  predominant  shift  [4,  .5], 

In  the  light  of  the  concepts  developed  by  the  author  of  the  present  paper  regarding  the  mechanism  of  the 
dehydration  of  a-glycols  and  the  isomerization  of  carbonyl  compounds  [6],  such  alternative  behavior  of  hydro¬ 
carbon  groups  during  shift  is  explained  by  the  opposite  direction  of  the  polarization  of  the  bonds  of  these  groups, 
differing  in  the  magnitude  of  polarizability,  during  reaction. 

Further  discussion  is  based  on  the  concept  that  the  polarizability  of  a  hydrocarbon  group  depends  on  the 
structure  and  length  of  its  chain,  but  is  independent  of  the  direction,  direct  or  reverse,  in  which  the  polarizing 
action  acts  on  the  hydrocarbon  group,  under  the  condition  that  is  is  always  the  same  end  of  the  chain  that  is 
subjected  to  this  action 

We  will  limit  ourselves  to  ketones  and  pinacols  containing  methyl  and  ethyl  groups.  The  polarizability  of 
C2H5>CH3.  When  the  ketone  combines  with  acid  HA  the  electrophilic  center  attracts  the  groups.  The  greater 
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polarizability  of  the  CjHs  group  strengthens  its  bond  with  the  a-carbon,  and  consequently  it  is  the  less  polarized 
CH3  group  that  shifts. 


CH,  0-H* 


C.H.-C-C 
i  s  , 


The  dehydration  product  obtained  from  the  combining  of  a-glycol  with  acid  HA  is  subjected  to  hydrolysis, 
which  results  in  formation  of  the  carbonyl  group  and  migration  of  the  hydrocarbon  group.  Here  the  more  highly 


polarized  C2H5  group  shifts,  since  its  bond  with  the  carbonyl  carbon  is  weakened  to  a  greater  degree  than  in  the 
case  of  the  methyl  group  when  it  is  displaced  by  the  electrons  of  the  formed  carbonyl  group. 

Tlie  observed  predominant,  but  not  exclusive  shift  of  the  ethyl  group  (in  the  case  of  pinacols)  and  of  the 
methyl  (in  the  case  of  ketones)  can  he  explained  by  the  comparatively  small  difference  in  the  values  of  the  polar¬ 
izability  of  the  methyl  and  ethyl  groups.  Consequently,  together  with  tiy:  polar  factor,  the  statistical  factor  of 
the  probable  formation  of  a  second  isomeric  reaction  product  also  enters  into  the  picture  here. 

EXPERIMENTAL 

«,  g- Mcthylethylbutyrophenone  was  prepared  by  heating  sec-butyl  phenyl  ketone  (32  g)  [7]  with  sodium 
amide  (10  g)  and  ethyl  iodide  (50  g)  in  150  ml  benzene  solution.  After  isolation  and  drying  (Na2S04).  the  reaction  product 
was  distilled.  The  following  fractions  were  isolated  at  a  pressure  of  12  mm: 

1st,  b.p.  116-122“,  1.7  g:  2nd,  b  p.  122-128",  26  g;  3rd,  b.p.  129-146",  3  g;  residue,  3  g. 

After  two  distillations  of  the  2nd  fraction  we  obtained  22  g  of  the  ketone  with  b.p.  125— 126"  (12  mm); 
from  [8]:  b.p.  125—126";  from  [9]:  b.p.  120— 121"  (9  mm). 

Oxime,  m.p.  120.8- 121"  (from  alcohol);  from  [8]:  m.p.  121";  from  [9];  m.p.  120.5". 

We  were  unable  to  obtain  the  semicarbazone.  Other  investigators,  who  had  synthesized  the  given  ketone,  ' 
were  also  unable  to  obtain  the  semicarbazone. 


Isomerization  of  a,  a-mcthylethylbut\Tophenone.  Twenty  grams  of  the  ketone  was  added  in  4  hr  from  a 
dropping  funnel  to  35  g  of  ZnCl2  at  a  bath  temperature  of  320-325*.  The  reaction  products  were  steam-distilled, 
extracted  with  ether,  and  dried  over  sodium  sulfate;  distillation  at  7  mm  gave  the  following  fractions: 

1st,  b.p.  106-114",  3  drops;  2nd,  b.p.  114-116",  5.1  g;  3rd,  b.p.  116-117",  4.3  g;  4th,  b.p.  117-120",  2  g; 
residue,  0.8  g. 

The  2nd  and  3rd  fractions  were  distilled  separately  at  7  mm.  We  obtained:  1st  fraction,  b.p.  113—114", 

1.7  g;  2nd  fraction,  b.p.  115—117",  5.0  g;  3rd  fraction,  b.p.  117—120",  1.8  g. 

Analysis  of  sub.stance  with  b.p.  113— 114*  (7  mm). 

Found  C  82.24;  H  9.67.  CjjHigO.  Calculated  C  82.06;  H  9.52. 

Analysis  of  substance  with  b.p.  115— 117*(7  mm). 

Found  %:  C  81  91,  82.27;  H  9  39,  9.41.  CiaHigO.  Calculated  C  82.06;  H  9.52. 
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Tlie  rnngc  in  tlie  boiling  point  of  tlic  sub':t,'> ncc ,  together  with  tlie  nmricrical  analysis  data,  corresponding 
to  the  empirical  formula  of  the  ketone,  served  as  evidence  that  isomerization  had  taken  place.  Attempts  to  pre¬ 
pare  crystalline  derivativesof  tl.e  C,3Hi80  ketones  proved  unsuccessful.  Consequently,  to  confirm  the  fact  that 
isomerization  had  taken  place  and  also  to  elucidate  the  structure  of  the  ketones,  the  obtained  ketonic  fraction 
was  subjected  to  alkaline  cleavage. 

1  Action  of  alcoholic  potassium  hydroxide  solution.  Mixtures  composed  of  4.5  g  of  the  substance  (mixed 
ketones  with  b  p.  1  1 .1—  1 1 7“  at  7  mm),  10  g  of  KOH  and  30  ml  of  alcohol  were  heated  in  sealed  glass  tubes  at 
1.30-  140°  for  1  hr  After  adding  water,  the  reaction  mixture  was  saturated  with  carbon  dioxide  gas.  The  neutral 
reaction  products  were  extracted  with  ether.  The  ether  extract  was  dried  over  CaCl2.  Distillation  at  20  mm  gave 
the  following  fractions; 

1st,  b.p  09-79°,  0.2  g:  2nd.b.p.  79-92°,  1.8  g;  residue,  0.7  g. 

Analysis  of  the  subsUnce  with  b.p.  "9—0^°  at  20  mm. 

Found  C  89.22;  H  10.58.  C,oH,4  Calculated  '7<J:C  89.48;  H  10.52.  C,iH,6  Calculated  C  89.10;  H  10.90. 

The  isolated  mixture  of  hydrocarbons  may  be  considered  to  be  a  mixture  of  2-phenylbiitane  and  2-phcnyl- 
pentane.  For  purposes  of  proof  and  making  a  quantitative  estimate  of  the  proportions  of  the  components,  the  mix¬ 
ture  of  hydrocarbons  was  converted  to  a  mixture  of  the  dibcnzoylamino  derivatives. 

2)  Nitration  of  mixture  of  hydrocarbons  with  b.p.  (19—92°  (20  m.m)  and  reduction  of  the  nitro  compounds. 

The  nitrating  mixture  used  to  obtain  the  dinitro  compounds  was  composed  of  one  volume  of  HN03(d  1.5)  and  two 
volumes  of  11,304  (d  1.84).  With  rapid  stirring  and  cooling,  8  ml  of  the  nitrating  mixture  was  added  to  1.5  g  of 
the  substance  at  such  a  rate  that  the  temperature  inside  the  vessel  did  not  rise  above  5°.  At  the  end  of  reaction 
the  mixture  was  poured  over  ice  and  extracted  with  ether.  The  ether  layer  after  washing  with  water  was  distilled 
to  remove  the  ether,  and  the  residue  was  treated  with  8  g  of  granulated  tin,  8  ml  of  hydrochloric  acid  and  3  ml 
of  alcohol.  At  the  end  of  reduction  the  hot  liquid  was  decanted  from  the  unreacted  tin;  the  latter  was  washed 
with  water,  which  was  then  added  to  the  remainder  of  the  solution. 

3)  Preparation  and  investigation  of  benzoylamino  derivatives.  The  mixed  amines  were  isolated  from  a  solu¬ 
tion  of  the  salts  by  the  addition  of  sodium  hydroxide  and  then  were  extracted  with  ether.  A  part  of  the  ether  was 
removed,  and  1.5  ml  of  benzoyl  chloride  and  5  ml  of  2N  NaOH  solution  were  added  to  the  residue  with  cooling 
and  stirring.  The  isolated  mixture  of  benzoylamino  derivatives  was  rccrystallized.  Treatment  with  SO'Yc  alcohol 
(in  which  the  monobenzoylamino  derivatives  prove  to  be  more  soluble)  enabled  us  to  isolate  0.03  g  of  crystals 
from  the  alcohol  solution,  which  after  purification  by  boiling  with  animal  charcoal  and  recrystallization  from 
alcohol  had  m.p.  139—  144,2°,  which  is  approximately  the  same  as  the  melting  point  of  a  1:1  mixture  of  the 
p-benzoylamino  derivatives  of  2-phenylbutane  and  3-phenylpcntane,  which  was  prepared  and  investigated  in  a 
separate  series  of  experiments  [10].  Recrystallization  of  the  alcohol  insoluble  portion  of  the  substance  from  butyl 
alcohol  gave  0.62  g  of  fine,  nearly  colorless  crystals  with  m.p.  228.7—236.7°.  When  this  melting  point  was  com¬ 
pared  with  the  melting  points  of  mixtures  of  the  dibenzoylamino  derivatives  [10]  it  was  possible  to  conclude  that 
an  impurity  was  present  in  the  mixture  of  diamine  derivatives.  The  crystals  were  subjected  to  fractional  cry.stal- 
lization  from  butanol  and  from  ethanol.  Here  we  isolated  0.162  g  of  substance  with  m.p.  243-243.5°  and  0.082  g 
of  substance  with  m.p.  225.1-226.2°.  From  the  melting  point  the  first  substance  is  3-(2,4-dibenzoylaminophenyl)- 
pentane,  which  was  confirmed  by  the  fact  that  the  melting  point  was  not  depressed  when  the  substance  was  mixed 
with  the  authentic  product. 

Analysis  of  the  substance  with  m.p.  243—243.5°. 

Found  %:  N  7.49.  CjsHssOjNj.  Calculated  70;  N  7.25. 

The  crystals  with  m.p.  225.1  —  226.2°  are  a  mixture  of  the  2,4-dibenzoylamino  derivatives  of  2-phenylbutane 
(907o)  and  3-phenylpentane  ( 107).  This  conclusion  was  confirmed  by  the  mixed  melting  point  with  a  9 ;  1  mixture 
of  the  authentic  derivatives  of  2-phenylbutane  and  3-phenylpentane,  which  was  not  depressed. 

In  summary,  an  investigation  of  the  benzoylamino  derivatives  revealed  that  the  mixture  of  hydrocarbons 
(b.p.  69—92°  at  20  mm)  obtained  in  the  alkaline  cleavage  of  the  ketones  is  a  mixture  of  2-phenytbutane  and  3- 
-phenylpentane,  with  a  predominance  of  the  latter. 
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SUMMARY 


1  A  study  was  made  of  the  isomeric  transformation  of  a,  a-methylcthylbntyrnphenone  when  it  is  heated 
with  zinc  chloride,  in  which  connection  it  was  observed  for  the  first  time  that  the  isomerization  of  the  ketone 
goes  in  two  directions,  with  the  formation  of  3-ethyl- 3- phenyl- 2- pentanone  and  4-methyl-4-phenyl-3-hexanone. 

2.  In  the  isomerization  of  a,  a-methylethyl-substituted  acetophenones  it  is  the  methyl  group  that  migrates 
in  preference  to  the  ethyl. 
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ESTERS  OF  PHOSPHORIC  ACIDS  WITH  M  ERCU  R  Y  -  CO  N  T  A  I NI  NG  RADICALS 


M.  S.  Malinovskii,  D  G.  Yurko,  and  V.  B.  Tul'chinskii 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  7,  pp.  2170-2171, 
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Mercury-containing  compounds  are  still  the  most  effective  agents  in  combating  bacterial  and  fungus 
diseases  of  plants.  Tliey  are  characterized  by  a  universality  of  action  and  do  not  retard  tlie  germination  of  seed 
material  treated  with  them.  Our  objective  in  the  present  paper  was  to  synthesize  some  compounds  of  type  (I), 
which,  in  all  probability,  should  couple  in  themselves  the  high  insecticidal  activity  of  organophosphorus  compounds 
and  the  bactericidal  and  fungicidal  activity  of  organomercury  compounds 


nO\p^o(S) 

\ci 


-I-  llOCelUllgCl 


acetone 

K2CO3 


RO^  ,;0(S) 

HO'  ^O-CsHillgCl-o 
(I) 


To  obtain  these  compounds  we  started  with  the  dialkyl  chlorophosphates,  dialkyl  chlorothiophosphates  and 
o-hydroxyphenyl- mercury  chloride.  Condensation  of  the  latter  with  the  dialkyl  chlorophosphates  and  dialkyl 
chlorothiophosphates  was  carried  out  in  water,  acetone,  or  benzene  medium  at  20—80®.  Sodium  hydroxide,  tri- 
ethylamine,  pyridine  and  potassium  carbonate  were  used  to  tie  up  the  hydrochloric  acid  formed  during  the  reac¬ 
tion.  It  proved  that  the  condensation  is  best  carried  out  in  either  acetone  or  benzene  medium,  in  the  presence  of 
anhydrous  potassium  carbonate,  and  is  ended  within  6—8  lir  in  the  cold,  and  within  1—2  hr  at  50—80®;  the  yield 
of  products  is  substantially  lower  in  the  latter  case.  The  obtained  compounds  are  given  in  the  Table. 


Formula 

Found  0o) 

Empirical 

formula 

Calculated  0(') 

p 

S 

ng 

p 

s 

Hg 

(c,n,o),p.' 

^OCJt.HgCl  • 

6.90 

43.15 

c„n,.o.rciH« 

6.66 

43.12 

/.s 

(C,H,0),P" 

^OC.  H.HgCl  •• 

6.60 

6.60 

41.25 

C,oH,40,SPClHg 

6.14 

6.66 

41.66 

(CHjOl.pf^ 

^OC,H.HgCl  ••• 

6.61 

7.25 

44.10 

c.H,„o,srcing 

6.83 

7.07 

44.25 

a-c,H,0).P:^ 

^OC.H.HgCl  ••• 

6.25 

6.45 

39.22 

r.„H„0,SPCIHg 

6.08 

6., 30 

39.59 

CHiOv.  /S 

\  p/' 

^OC.HJIgCI  ••• 

6.33 

6.90 

42.72 

c,n„OjSPCiHg 

6.63 

6.86 

42.93 

CHjOv 

\P" 

a-C,H,0^  ^OC,H,HgCl  ••• 

6.28 

— 

42.60 

c„H,.o,spcing 

6.44 

— 

42.55 

•M.p.  76—77®;  M  469.3,  calc.  465.2  (determined  by  the  cryoscopic  method  in  benzene). 
••M.p.  105-106®;  M  485.5,  calc.  481.3. 


EXPERIMENTAL 


The  reaction  was  carried  out  in  a  tliree- necked  flask  fitted  with  a  dropping  funnel,  thermometer,  reflux 
condenser  and  mechanical  stirrer.  A  charge  of  32.0  g  (0.1  n’.ole)  of  o-hydroxyphenyl  chloride,  350-400  ml  of  ace¬ 
tone  and  18  g(0.13  mcle)  of  powdered  anhydrous  potassium  carbonate  was  placed  in  the  flask.  Then  12-16  ml 
(about  0  1  mole)  of  tlie  appropriate  dialkyl  chlorophosphate  or  dialkyl  chlorothiophosphatc  was  added  dropwise  in 
20— .30  min  with  vigorous  stirring,  after  which  the  temperature  of  the  reaction  mixture  was  raised  to  30—40*  and 
the  mixture  kept  at  this  temperature  for  2  hr  with  vigorous  stirring,  and  then  for  another  2—4  lir  in  the  cold  without 
stirring.  On  conclusion  of  reaction  the  precipitate  of  mineral  salts  was  filtered,  and  the  acetone  was  distilled  from 
the  filtrate  in  vacuo.  The  residue  remaining  in  the  flask  was  a  colorless  viscous  oil.  O.O-Dierhyl  0-(2-chloromercurl) 
phenyl  phospliate  and  0,0-ciethyl  0-(2-chloromercuri)phenyl  thiophosphate  were  obtained  in  the  crystalline  state 
when  the  oily  product  was  digested  3—4  times  with  diethyl  ether.  Tlie  other  condensation  products  could  not  be 
made  to  crystallize  and  they  were  purified  by  short  washing  with  water  on  the  alkaline  side,  followed  by  thorough 
drying.  The  yield  of  the  condensation  products  ranged  from  -W  to  90%.  None  of  the  products  can  be  vacuum-distilled, 
and  when  heated  above  50— 130°  (depending  on  the  compound)  they  decompose  with  explosive  force.  The  compounds 
arc  readily  soluble  in  acetone,  and  somewhat  less  soluble  in  benzene.  They  are  difficultly  soluble  in  cold  ether. 

When  subjected  to  the  action  of  water  for  a  long  time  they  gradually  soften,  probably  because  of  hydrolysis.  The 
pure  compounds  prove  to  be  completely  stable  in  the  dry  state. 

SUMMA  RY 

Six  new  mercury-containing  organophosphorus  compounds,  not  described  in  the  literature,  were  obtained  by 
the  reaction  of  dialkyl  chlorophosphates  and  dialkyl  chlorothiophosphates  with  o-hydroxyphenylmercury  chloride. 
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Leningrad  State  University 
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Butadiene-nitrile  rubber?  arc  obtained  by  the  copolymerization  of  butadiene  and  acrylonitrile.  Tliree  types 
of  butadiene-nitrile  rubbers  are  produced  by  our  industry:  SKN-18,  SKN-26  and  SKN-  IO.  The  rubbers  fabricated 
from  these  types  possess  a  high  benzene  and  oil  resistance. 

We  used  the  ozonolysis  method  to  study  the  structure  of  the  commercial  butadiene- nitrile  rubbers  SKN-26 
and  SKN-40.  Tlic  ozonolysis  of  the  rubbers  was  carried  out  in  ethyl  acetate.  The  ozonides  were  decomposed  by 
treatment  with  acetyl  hydroperoxide.  The  oxidative  decomposition  products  of  the  ozonides  were  separated  by 
the  method  of  distributive  chromatography,  and  here  the  following  acids  were  found:  formic,  propionic,  succinic, 

1 .2.4- butanetricarboxylic,  1 ,2,3-propanetricarboxylic  and  l,2,4,6-he.\anetetracarboxylic.  The  formation  of  these 
acids  during  ozonolysis  could  occur  as  follows:  succinic  acid  from  the  1,4— 1,4  segments;  formic  acid  from  the 

1.4—  1 ,2— 1,4  and  1 ,4-^  1,2)2— 1 ,4  segments;  1.2,4- butanetricarboxylic  acid  from  the  1,4— 1,2— 1,4*  segments 
of  from  segment  (I)  [1,  2]: 


— cn2-cn=:Cii-cHo— CHo-CH-CMo— cn=CH— Clio—  (i) 

I 

C=N 

and  1,2,4,6-hexanetetracarboxylic  acid  from  the  1,4— ( 1,2)2— 1,4*  segments  or  from  segments  (II)  and  (III): 

— CIIo-CII=Cn-CH2— CH2-CH-CII0— CH-CH2— CHr=Cll— CII2- 

I  I 

C=N  C=N 

-cn2-CH=cu-cn2-CHo-CH-cii2-CM-cn2— cii=cii-ch2- 

”1  I 

c=N  cn^cno 

The  1,2,3-propanetricarboxylic  acid  could  have  been  formed  from  the  1,4— 1,4  segments,  branched  at  the 
a-methylene  group,  or  as  an  abnormal  ozonolysis  product  of  the  1,4— 1,2— 1,4  segments  [3,  4],  The  presence  of 
propionic  acid  in  the  ozonolysis  products  indicates  a  profound  decomposition  of  the  carbon  chain  of  the  rubber 
during  ozonolysis  and  the  oxidatiye  decomposition  of  the  ozonide 

The  amount  of  1,2,4-butanetricarboxylic  and  1,2,4,6-hexanetetracarboxylic  acids  established  to  be  pre¬ 
sent  in  the  ozonolysis  products,  is  greater  than  could  be  expected  on  the  assumption  that  they  are  formed  only 
from  the  1,4- 1,2- 1,4  and  1,4- (1,2)2- 1,4  segments.  Consequently,  it  must  be  assumed  that  they  are  also  formed 
from  segments  (I),  (II),  and  (III)  during  ozonolysis. 


(II) 

(III) 


•  Based  on  a  quantitative  determination  of  the  amount  of  HCOOH  and  HCHO  in  the  ozonolysis  products,  it  was 
shown  that  the  investigated  rubbers  contain  links  with  side-chain  double  bonds. 
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From  the  amounts  of  the  different  acids  found  to  be  present  in  the  ozonolysis  products  of  the  investigated 
rubbers  we  calculated  the  fraction  (in  '/V)  of  the  carbon  skeleton  of  the  rubbers  contained  in  them.  Tlie  results 
of  the  investigation  are  summarized  in  Table  1. 


TABhO  1. 


SKN-26 

SKN-40' 

Acid 

amount  in  ozonoly¬ 
sis  pKxlucts  ( in  g) 

Fraction  of  the  car- 

amount  in  ozonoly- 
.sis  products  (in  g) 

Fraction  of  the  car¬ 
bon  skeleton  ot  the 
rubber  in  the  acid, 
in  % 

of  acid 

of  carbon 

in  acid 

bon  skeleton  of  the 
rubber  in  the  acid, 
in  % 

of  acid 

of  carbon 

in  acid 

Propionic 

0.47 

3.9 

0.39 

3.1 

Succinic 

1 ,2.4-Butanctricar- 

5.04 

34.5 

7.08 

2.88 

33.3 

boxylic 

1,2,3-  Proponetricar- 

3.62 

1.60 

27.0 

6.76 

2.99 

34.5 

boxylic 

1 ,2,4.6-Hexanctetra- 

0.81 

0.33 

5.6 

0.69 

0.28 

3.3 

carboxylic 

0.58 

0.26 

4.4 

0.63 

0.29 

1  3.4 

Total 

10.54 

4.47 

75.4 

15.97 

6.83 

77.6 

In  rubbers  SKN-'^C)  and  SKN-40  the  identified  acids  are  found  to  contain  75.4  and  77,67pof  the  carbon 
skeleton  of  the  respective  rubbers,  while  the  percent  of  the  carbon  skeleton  contained  in  those  segments  of  the 
macrcmolccnle  from  which  the  characterized  acids  were  formed  during  ozonolys.’s  is  somewhat  greater.*  As  a 
result,  about  10-  157oof  the  carbon  skeleton  of  the  ozonized  rubbers  could  not  be  accounted  for.  This  amount  of 
unaccounted  carbon  skeleton  is  contained  in  the  uncharacterized  acids,  which  are  shown  as  peaks  I,  V  and  X  in 
the  chromatogram  (Figs.  2  and  3,  Chromatogram  1),  and  belongs  in  the  category  of  unavoidable  losses  during 
ozonolysis.  From  this  it  follows  that  the  macromolecules  of  the  rubbers  are  basically  composed  of  segments  in 
which  the  butadiene  molecules  are  linked  in  the  —  1,4— 1,4— ,  —  1,4— 1,?— 1,4— and— 1,4— ( 1,2)2“  1,4—  positions, 
and  segments  in  which  either  one  or  two  acrylonitrile  units  are  inserted  betweer^  the  1,4  butadiene  units  (I,  II). 

EXPERIMENTAL 

Commercial  samples  of  butadiene-nitrile  rubbers  SKN-26  and  SKN-40  were  taken  for  the  investigation. 

Rubber  SKN-2C  was  purified  from  antioxidant  and  low-molecular  fractions  by  dissolving  it  in  benzene  and  then 
rcprecipitating  it  twice  from  a  l7o  benzene  solution  with  alcohol.  Rubber  SKN-40  was  purified  from  the  antioxidant 
by  extracting  it  with  a  mixture  composed  of  toluene  and  methyl  alcohol.  Tire  purified  rubbers  were  dried  at  3  mm 
to  a  constant  weight  and  then  were  sealed  in  arnpuk.  Both  the  purification  and  the  drying  of  the  rubbers  was  done 
in  an  atmosphere  of  dry,  oxygen- free  nitrogen. 

The  SKN-26  rubber  analyzed  in  T’:  C  83.37;  H  9.11;  N  7.64,  7.65.  The  SKN-40  rubber  analyzed  in 
C  81.00,  80.99;  H  8.70,  8.78;  N  10.10,  9.90.  Consequently,  the  acrylonitrile  content  of  rubber  SKN-26  is  28.8*^, 
and  that  of  rubber  SKN-40  is  37.97<’ 

In  order  to  determine  if  the  nitrile  group  in  the  investigated  butadiene- nitrile  rubbers  is  attacked  by  ozone, 
we  took  the  curves  for  the  absorption  of  ozone  by  the  nibbers.  The  ozonization  of  the  rubbers  was  conducted, in 
chloroform  at  -20°.  'Fhe  ozone  concentration  in  the  oxygen  was  5  -67o.  The  ozone  was  passed  through  the  rubber 
solution  at  a  constant  rate  of  7  liters  per  hour.  The  amount  of  ozone  that  added  was  calculated  from  the  absorp¬ 
tion  curves  (Fig.  1),  wliich  were  traced  at  the  same  time  that  the  ozonization  process  was  run  [5]  The  curves  for 
the  absorption  of  ozone  by  the  butadiene-nitrile  rubbers  do  not  show  a  break.  The  ozone  adds  at  a  constant  rate 
and  corresponds  to  the  amount  of  ozone  calculated  fer  the  double  bonds— C=C— present  in  the  rubber.  The  ozone 
added  only  to  the  double  bonds  in  the  rubber  (both  internal  and  side-chain).  The  nitrile  groups  were  not  attacked 
by  the  ozone.  In  order  to  establish  this  we  took  the  curve  for  the  absorption  of  ozone  by  acrylonitrile  (b.p.  78—79*), 


•  To  calculate  the  amount  of  carbon  in  the  segments  from  which  the  acids  were  formed  during  ozonolysis  is 
difficult,  since  it  is  not  known,  for  example,  what  amount  of  1,2,4-butanetricarboxylic  acid  was  formed  from 
the  1,4— 1,2— 1,4  segments  and  what  amount  from  the  (I)  segments. 
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and  from  it  we  calculated  the  amount  of  added  o"one  (Fig.  1,  Curve  I'l.  Tlie  curve  proved  to  he  parallel  tc  ’’he 
abscissa  during  the  entire  ozonization  process.  Tlie  ozone  added  at  a  constant  rate.  From  the  data  in  Table  2  and 
the  curve  for  the  absorption  of  ozone  it  can  be  seen  that  the  amount  of  added  ozone  corresponded  only  to  that 
calculated  for  the  double  bond  — C  =  C— . 

In  order  to  ascertain  the  chemical  structure,  the 
ozonization  of  the  rubbers  was  run  in  ethyl  acetate  at 
-20®.  The  ozone  concentration  in  the  oxygen  was 
For  the  ozonization  we  took  7.16  g  of  rubber  SKN-26  and 
10.7  g  of  SKN-40.  The  obtained  ozonides  were  soluble  in 
the  ethyl  acetate.  The  solvent  was  distilled  at  20“  (14  mm), 
after  which  the  ozonides  were  dissolved  in  glacial  acetic 
acid  and  then  oxidized  with  acetyl  hydroperoxide  [4].  The 
acetic  acid  was  distilled  at  20“  (5  mm)  from  the  products 
of  the  o.xidative  decomposition  of  the  ozonides.  The  de¬ 
composition  products  of  the  ozonides  of  the  investigated 
rubbers  represented  a  m.ixture  of  viscous  and  crystalline 
substances. 


Fig.  1.  Curves  for  the  absorption  of  ozone. 

1)  Acrylonitrile;  2)  rubber  SKN-26;  3) rubber 
SKN-40. 

Decomposition  products  of 
the  rubbers 

SKN-26 

SKN-40 


Found  (?o) 


C 

41.00 

42.50,  42.70 


H 

7.14 

6.73,  6.81 


N 

4.76,  4.82 
3.45,  3.53 


The  nitrogen  content  corresponds  to  the  amount  of  nitrogen  contained  in  the  rubberstaken  for  ozonization. 
The  SKN-26  rubber  taken  for  ozonization  contains  0.55  g  of  nitrogen  or  2.08  g  of  acrylonitrile.  Tlie  ozonolysis 
products  of  tlris  rubber  contain  0.51  g  of  nitrogen  or  1.93  g  of  acrylonitrile.  The  SKN-40  rubber  taken  for  ozoniza¬ 
tion  contains  1.07  g  of  nitrogen  or  1.93  g  of  acrylonitrile.  The  ozonolysis  products  of  this  rubber  contain  0.95  g 
of  nitrogen  or  1.29  g  of  acrylonitrile.  This  indicates  that  the  C  =  N  group  in  the  starting  rubbers  is  not  oxidized 

TABLE  2. 


Substance 

Weight  i 
(in  g) 

Weight  of  ozone  (in  g)  j 

Amount  of  ozone  added 
in  percent  of  that  cal¬ 
culated  for  the  double 

bonds  in  the  rubber 

calculated  | 

1  added 

for  double  bondsi 
in  rubber 

for  nitrile  groups 
in  rubber 

to  double  bonds 
in  rubber 

to  nitrile  groups 

SKN-26 

0.55 

1  0.355 

0.136 

0.347 

- 

00 

SKN-40 

0.55 

0.312 

0.162 

0.309 

- 

97.1 

Acrylo- 

1  0.490 

nitrile 

0.54 

0.490 

0.499 

100.2 

to  acids  by  the  ozone-containing  oxygen  and  the  acetyl  hydropero.xide.  For  this  reason  the  mixture  of  acids  ob¬ 
tained  from  the  oxidative  decomposition  of  the  ozonides  was  hydrolyzed  (hydrolysis  of  the  C  =  N  groups)  with 
sodium  hydroxide,  and  the  resulting  acids  were  extracted  witii  diethyl  ether.  We  obtained  14.73  g  of  acids  from 
the  ozonide  of  rubber  SKN-26  and  19.85  g  of  acids  from  the  ozonide  of  SKN-40.  The  separation  of  these  acids 
was  effected  by  clrromatographing  on  MSK  silica  gel  (a  fine  silica  gel  with  coarse  pores),  as  described  earlier  [6]. 
By  gradually  changing  the  polarity  of  the  mobile  solvent  we  worked  out  a  system  of  development  for  each  mi.xture 
of  acids,  which  enabled  us  to  obtain  a  fairly  distinct  separation  of  the  acids. 


The  chromatograms  for  the  separation  of  the  mixed  acids  obtained  from  the  ozonolysis  products  of  rubbers 
SKN-26  and  SKN-40  are  shown  in  Figs.  2  and  3.  To  interpret  tlie  chromatograms  of  the  acids  we  took  the  chromato¬ 
grams  of  a  mixture  of  the  following  acids:  propionic,  acetic,  formic,  succinic,  1 ,2,4-butanetricarboxylic  and  1,2,3- 
-propanetricarbo.xylic,  all  of  which  were  established  earlier  to  be  present  in  the  ozonolysis  products  of  butadiene 
and  butadiene- nitrile  rubbers  [1,  2]  (Figs.  2  and  3,  Chromatogram  2),  The  acids  were  identified  by  the  peak  ef¬ 
fluent  volumes  and  the  elution  thresholds.  When  the  chromatograms  of  the  different  acid  mixtures  are  superimposed 
it  can  be  seen  that  both  the  peak  effluent  volumes  and  the  elution  thresholds  coincide;  the  order  in  which  the 
acids  emerge  from  the  column  is  retained. 
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Fig.  2.  Chromatograms  for  the  separation  of  the  mixed  acids  from 
the  ozonolysis  products  of  rubber  SKN-26  (1)  and  of  a  mixture  of 
acids  (2).  II)  Propionic;  III)  acetic;  IV)  formic;  VI)  succinic;  VII) 
1,2,4-butanetricarboxylic;  VIII)  1,2,3-propanetricarboxylic;  IX) 
1.2.4,6-hexanetetracarboxylic  acid.* 


Fig.  3.  Chromatograms  for  the  separation  of  the  mixed  acids  from  the  ozonoly¬ 
sis  products  of  rubber  SKN-40  (1)  and  a  mixture  of  acids  (2).  II)  Propionic;  III) 
acetic;  IV)  formic;  VI)  succinic;  VII)  1,2,4-butanetricarboxylic;  VIII)  1,2,3- 
-propanetricarboxylic;  IX)  1,2.3,6-hexanetetracarboxylic  acid.* 

From  the  chromatograms  for  the  separation  c\f  the  mixed  acids  we  calculated  the  amount  of  each  acid  in’ 
the  ozonolysis  products  and  the  percent  of  the  carbon  skeleton  of  the  rubbers  present  in  the  acids  (Table  1).  Cal¬ 
culation  of  the  percent  of  side-chain  double  bonds  was  based  on  a  quantitative  determination  of  the  amount  of 
formaldehyde  and  formic  acid  [7]  present  in  the  ozonolysis  products.  It  was  determined  that  the  amount  of  1,2 
links  in  the  SKN-26  rubber  is  10.8*70,  and  11.8*70 in  the  SKN-40  rubber. 

SU  MMARY 

It  was  established  that  tiie  macromolecules  of  the  butadiene-nitrile  rubbers  SKN-26  and  SKN-40  are  built 
mainly  from  the  segments  1,4— 1,4;  1,4_1,2— 1,4;  1,4— (—1,2— ),— 1,4;  1,4— CHj— CH— 1,4— ; 

l,4-{-CH,-CH),-1.4. 

C=N 


*  The  nature  of  the  acids  corresponding  to  peaks  I,  V  and  X  was  not  established. 
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Isoprene  on  storage  is  converted  to  a  white  spongy  polymer  that  is  devoid  of  rubberlike  properties,  is  insolu¬ 
ble  in  organic  solvents,  and  shows  limited  swelling  in  them  [1  —  3].  The  spontaneous  polymerization  of  isoprene 
was  described  in  detail  by  S.  V.  Lebedev  [3].  The  chemical  structure  of  the  autopolymer  of  isoprene  was  studied 
by  Harries  [11.  He  was  able  to  sliow  that  both  levulinaldehyde  and  levulinic  acid  are  present  in  the  ozonblysis 
products,  and  that  they  contain  31^'' o{  the  carbon  skeleton  of  the  polymer.  After  removal  of  the  levulinaldehyde 
and  levulinic  acid  by  distillation,  it  was  shown  by  Harries  that  peroxide  compounds  are  present  in  the  residue,  but 
he  failed  to  establish  their  nature.  The  residue  was  a  tarry  mass. 

Chir  objective  in  the  present  paper  was  to  study  the  chemical  structure  of  the  spongy  polymer  of  isoprene 
that  is  obtained  when  isoprene  is  polymerized  in  sealed  ampuls,  in  a  nitrogen  atmosphere,  at  15—18*.  Two  high- 
molecular  polymers  are  formed  under  these  conditions,  one  of  which  is  rubberlike  in  nature  and  is  soluble  in 
benzene,  chloroform,  and  other  solvents,  while  the  other  polymer,  representing  the  main  bulk  of  the  material 
(90— Ob?'),  is  crumbly  and  insoluble  in  organic  solvents;  in  the  future  the  latter  will  be  called  the  spongy  polymer. 

llie  chemical  structure  of  the  spongy  polyijier  of  isoprene  was  studied  by  the  method  of  ozonolysis.  The 
ozonide  was  decomposed  by  catalytic  reduction  at  atmospheric  pressure  in  dioxane  solution,  using  palladium 
deposited  on  BaSO^  as  the  catalyst.  It  was  established  that  levulinaldehyde  along  with  levulinic 
acid*  are  present  in  the  catalytic  reduction  products,  representing  63.7"/f>of  the  carbon  skeleton  of  the  polymer. 
Tliese  two  compounds  are  formed  from  those  segments  of  the  spongy  polymer  macromolecules  in  which  the  iso¬ 
prene  molecules  are  linked  in  the— 1,4— 1,4—  positions.  In  addition,  succinic,  acetic  and  formic  acids  were  found 
to  be  present  in  the  ozonolysis  products.  The  latter  acid  could  have  been  formed  during  ozonolysis  from  the  seg¬ 
ments  containing  either  1.2  or  3,4  links.  Tne  paths  for  the  formation  of  the  succinic  and  acetic  acids  are  not 
known:  the  succinic  acid  could  have  been  formed  from  the— 1,4— 4,1— segments,  while  the  acetic  acid  may  be  an 
abnormal  ozonolysis  product.  In  addition,  the  succinic  and  acetic  acids  could  have  also  been  formed  as  secondary 
products  from  the— 1,4— 1,4— segments.  The  presence  of  acetonylacetone  in  the  catalytic  reduction  products  of 
the  ozonide  could  not  be  detected;  for  this  reason  it  is  possible  to  assume  that  a  —4,1— 1,4— coupling  of  the  Iso¬ 
prene  molecules  is  absent  in  the  macromolecules  of  the  spongy  polymer  of  isoprene.  The  results  of  our  study  are 
given  in  Table  1. 

By  the  catalytic  reduction  of  the  ozonide  of  the  spongy  polymer  of  isoprene  at  atmospheric  pressure  in  dio¬ 
xane  solution,  using  Pd/BaS04  as  the  catalyst,  it  was  established  that  63.77oof  the  carbon  skeleton  of  the  polymer 
can  be  accounted  for  by  a  — 1,4— 1,4— linking  of  the  isoprene  molecules.  It  was  also  established  that  14.5^5^  of  the 
carbon  skeleton  of  the  investigated  polymer  is  contained  in  the  acetic  and  succinic  acids;  to  calculate  the  percent 
of  the  carbon  skeleton  of  the  polymer  in  the  segments  from  which  these  acids  were  formed  is  impossible,  since 
the  paths  for  their  formation  were  not  elucidated. 


•  The  catalytic  reduction  of  ozonides  is  always  accompanied  by  the  side  reaction  of  forming  acids.  This  same 
reaction  goes,  although  slowly,  when  the  ozonide  is  allowed  to  stand  [5]. 
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TA  BLH  1. 


Ozonolysis  products 

Weight 
,  (in  g) 

Structure  of  segment  from  which  tlie 
compound  was  formed 

Percent  of  carbon  skeleton 
in  the  compound 

Levulinaldehyde 

2.97 

-1,4-1, 4- 

40.9 

Lcvulinic  acid 

1.92 

-1,4-1, 4- 

22.8 

Acetic  acid 

0.96 

Either  abnormal  ozonolysis  product 
or  secondary  product  from  the— 1,4— 

— 1,4— segment 

8.9 

Succinic  acid 

0.60 

Either  from-1,4— 4,1-or  from-1,4— 

—  1,4—,  as  secondary  product 

5.5 

Formic  acid 

0.02 

Either  1,2  or  3,4  link 

0.1 

Residue 

1.02 

— 

14.0 

Total 

7.49 

EXPERIMENTAL 

92.2 

The  autopolymer  of  isoprene  was  obtained  by  the  spontaneous  polymerization  of  isoprene  in  sealed  ampuls 
at  15—18*  with  illumination,  in  a  nitrocen  Atmo<:phere.  The  isoprene  taben  for  polymerization  had  b.p.  84.2  —  34.5* 
and  n^)  1.4152.  Hxtraction  of  38  g  of  tlie  isoprene  autopolymer  with  ehloroform  gave  us  1.2  g  (iT^r)  of  the  rubbery 
polymer.  Tnc  remainder  was  the  spongy  polymer,  a  white  crimbly  substance,  devoid  of  elastic  properties  and 
insoluble  in  organic  solvents. 

Found  ‘7^:  c  87.06,  87.24;  H  11,77,  11.69.  (C5H8)x.  Calculated  ’lo-.  C  88.24;  H  11.76. 

Tlic  ozonization  of  the  spongy  polymer  of  isoprene  was  run  in  chloroform  at  -30*  using  oxygen  that  contained 
5— 6*7'’ of  ozone,  in  an  apparatus  that  made  it  possible  to  maintain  a  constant  ozone  concentration  [6].  The  polymer 
was  ozonized  in  2  g  portions.  The  addition  of  the  ozone  went  at  a  constant  rate  and  corresponded  to  the  addition 
of  1.45  moles  of  ozone,  or  103'7'’of  that  calculated  for  the  double  bonds  in  the  polymer.  The  amount  of  added 
ozone  was  calculated  from  the  absorption  curves,  which  were  traced  at  the  same  time  that  the  ozonization  process 
was  run.  The  spongy  polymer  of  isoprene  is  ozonized  completely  in  chloroform,  forming  a  clear,  colorless  solu¬ 
tion  of  the  ozonide.  Removal  of  the  chloroform  leaves  the  ozonide  as  a  viscous  colorless  substance.  The  ozonide 
was  decomposed  by  catalytic  reduction  at  atmospheric  pressure  in  dioxane  solution,  using  Pd/BaS04  as  the  catalyst. 

Five  grams  of  the  spongy  polymer  of  isoprene  was  ozonized  in  chloroform  (containing  4.4  g  of  the  hydro¬ 
carbon).  We  obtained  8.61  g  of  the  ozonide.  The  ozonide  was  dissolved  in  dioxane  (b.p.  101*,  n^^  1.4215,  d^20 
1.0336;  the  test  for  the  presence  of  peroxides  was  negative).  The  catalytic  reduction  of  the  ozonide  was  run  in  a 
S.  V.  Lebedev  apparatus  [7].  We  took  1.5  g  of  Pd  /BaS04  catalyst  [8]  to  reduce  1  g  of  the  ozonized  polymer. 


Fig.  1.  Chromatograms  for  the  separation 
of  the  mixed  acids  present  in  the  dioxane 
distilled  from  the  products  obtained  in  the 
catalytic  reduction  of  the  ozonide  of  the 
spongy  polymer  of  isoprene  ( 1),  and  of  a 
mixture  of  acetic  and  formic  acids  (2). 

I  )  Acetic  acid;  II)  formic  acid. 


Developer  (ml) 


Fig.  2.  Chromatograms  for  the  separation 
of  the  mixed  acids  in  the  1st  fraction  ( 1) 
and  of  a  mixture  of  acetic  and  formic  acids 
(2).  II)  Acetic  acid;  III)  formic  acid. 
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Fischer  states  that  the  catalytic  reduction  of  ozonides  with  the  indicated  catalyst  goes  to  the  formation  of  carbonyl 
compounds  [51.  At  .5®  (7G0  mm)  the  amount  of  hydrogen  consumed  in  the  reduction  of  the  ozonide  was  906  ml 
(880  ml  at  0®  and  760  mm),  which  corresponds  to  54^/oof  the  calculated.  A  possible  explanation  of  this  is  that  a 
partial  decomposition  of  tiie  ozonide  occurs  during  ozonization  and  when  distilling  the  solvent  from  the  ozonide. 

A  solution  of  the  catal)tic  reduction  products  of  the  ozonide  gave  a  negative  test  for  peroxides  and  ozonides.  The 
dioxane  was  distilled  from  the  hydrogenation  products  of  the  ozonide  at  25®  ( 10  mm).  The  distilled  dioxane  was 
acid  to  litmus  (0.8  ml  of  O.IN  KOH  was  required  to  neutralize  1  ml  of  the  dioxane).  The  separation  of  the  acids 
contained  in  the  distilled  dioxane  was  done  chromatographically  on  MSK  silica  gel  (a  fine  silica  gel  with  coarse 
pores),  as  described  earlier  [91.  Tlie  cluomatogram  for  the  mixture  of  acids  present  in  the  dioxane  distilled  from 
the  products  obtained  in  the  catalytic  reduction  of  the  ozonide  of  the  investigated  polymer  is  shown  in  Fig.  1.  To 
interpret  the  obtained  chromatogram,  we  took  the  chromatogram  of  a  mixture  of  acetic  and  formic  acids  (Fig.  1, 
Chromatogram  2).  Tlie  acids  were  identified  by  the  peak  effluent  volumes  (Table  2)  [10].  When  the  chromatogram 
of  acetic  acid  and  formic  acid  is  superimposed  on  the  chromatogram  of  the  acids  isolated  from  the  dioxane  it  can 
be  seen  tliat  the  peak  effluent  volumes  of  the  acids  coincide;  the  order  in  which  the  acids  emerge  from  the  column 
is  retained. 

TABLE  2.  TABLE  3. 


Mixture  of  acids  being 
separated 

Peak  effluent  volumes 
of  the  acids 

Mixture  of  acids  being 

Peak  effluent  volumes  of 

the  acids 

acetic 

acid 

formic 

acid 

separated 

levulinic 

acid 

succinic 

acid 

Acids  isolated  from 

Acids  from  the  residue 

69 

240 

the  dioxane 

72 

186 

Mixture  of  levulinic  and 

Mixture  of  acids 

72 

186 

succinic  acids 

69 

240 

The  amounts  of  acetic  and  formic  acids  were  calculated  from  the  chromatogram:  acetic  0.32  g,  and  formic 

0.02  g. 


We  took  18  g  of  the  products  obtained  from  the  catalytic  reduction  of  the  ozonide  of  the  spongy  isoprene 
polymer  and  fractionated  the  material  tlirough  a  column.  The  following  fractions  were  collected:  1st,  b.p.  30—35* 
(10  mm),  11.47  g;  2nd,  b.p.  62—63®  ( 10  mm),  2.97  g;  residue,  3.54  g.  The  1st  fraction  was  acid  to  litmus  and  had 
a  strong  odor  of  acetic  acid  ( 14.5  ml  of  O.IN  KOH  was  consumed  in  the  neutralization  of  1  ml);  in  addition,  this 
fraction  also  contained  dioxane.  We  took  the  ciiromatogram  of  the  mixture  of  acids  contained  in  the  1st  fraction. 
The  chromatograms  for  the  separation  of  the  mixed  acids  contained  in  the  1st  fraction  and  of  a  mixture  of  formic 
and  acetic  acids  are  shown  in  Fig.  2.  From  Chromatogram  1  (Fig.  2)  it  can  be  seen  that  the  1st  fraction  contains 
mainly  acetic  acid.  The  amount  of  acid  contained  in  the  1st  fraction  was  calculated  from  the  chromatogram  and 
found  to  be  equal  to  0.64  g.  Tlie  2nd  fraction  was  levulinaldchyde,  b.p.  62—63°  at  10  mm,  np-^  1.4254.  The  p- 
nitrophcnylhydrazone  of  levulinaldchyde  was  prepared,  m.p.  104— 104.5°.* 

The  residue  from  the  fractional  distillation  of  the  products  obtained  in  the  catalytic  reduction  of  the  ozonide 
of  the  spongy  isoprene  polymer  was  subjected  to  chromatographic  separation,  and  was  shown  to  contain  both 
levulinic  and  succinic  acids.  The  chromatograms  for  the  separation  of  the  residue  (Chromatogram  1)  and  of  a 
mixture  of  levulinic  and  succinic  acids,  the  latter  (Chromatogram  2)  taken  for  the  purpose  of  identifying  the  acids 
present  in  the  residue,  are  shown  in  Fig.  3.  The  acids,  isolated  from  the  residue,  were  identified  by  the  peak  ef¬ 
fluent  volumes  (Table  3). 

Tlie  amounts  of  levulinic  and  succinic  acids  were  calculated  from  the  chromatogram:  they  are  respectively 
equal  to  1.92  and  0.6  g. 

Tlie  chromatographic  characterization  of  levulinic  acid  was  confirmed  by  the  chemical  analysis  data.  For 
this  we  collected  the  peak  effluent  volunic  corresponding  to  the  levulinic  acid.  The  chloroform  and  butyl  alcohol 
were  removed  by  distillation  from  the  isolated  substance. 

Found  7o:  Ag  48.31,  47.98.  CgHvOsAg.  Calculated  Ag  48.19. 

•From  [11]:  b.p.  70°  (12  mm),  n^*®  1.4256;  p-nitrophenylhydrazone,  m.p.  approximately  106°. 
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The  2.4-dinirrophcnyIhydra;!one  of  levulinic  acid  was  prepared,  m.p.  205— CO.'S, 5“  [12], 


The  residue  remaining  after  isolation  of  the  levulinic  and  succinic  acids  was  a  tarry  material,  weighing 
1.02  gf^C  61.00,  61.50;  ‘’/o  H  8. .32,  8.19),  From  the  elemental  analysis  we  calculated  the  percent  of  the  carbon 
skeleton  of  the  polymer  present  in  the  residue  (  HTi). 


2. 

3. 

4. 
.5. 
6. 

7. 

8. 

9. 

10, 
11, 
12. 


Based  on  a  quantitative  determination  of  the  amounts 
of  levulinic,  succinic,  acetic  and  formic  acids  and  of 
Icvulinaldehydc  present  in  the  products  of  the  catalytic 
decomposition  of  the  ozonide  of  the  sp»ongy  isoprene  poly¬ 
mer  it  was  shown  that  the  amount  of  the  carbon  skeleton 
contained  in  them  as  a  whole  is  78.  2'y'’(  Table  1). 

SUMMARY 

1.  Analysis  of  the  products  obtained  in  the  ozonoly- 
sis  of  the  spongy  polymer  of  isoprene  reveals  that  63.77'’ 
of  the  carbon  skeleton  of  the  polymer  exists  as  —1,4— 1,4— 
linkages. 


Fig.  .5.  Cliromatograms  for  the  separation  of  the 
residue  from  the  fractional  distillation  of  the  pro¬ 
ducts  obtained  in  the  catalytic  reduction  of  the 
ozonide  of  the  spongy  isoprene  polymer  ( 1),  and 
of  a  mixture  of  levulinic  and  succinic  acids  (2). 
ri)  Levulinic  acid;  III)  succinic  acid. 
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2.  It  was  shown  that  the  acetic  and  succinic  acids 
which  appear  as  secondary  products  of  the  —  1,4—  1,4— 
segments  contain  14.57oof  the  carbon  skeleton  of  the 
spongy  isoprene  polymer. 
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•Original  Russian  pagination.  See  C.  B,  translation. 
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THE  SYNTHESIS  OF  AMIDES  AND  THEIR  HYDROCHLORIDES  FROM  NITRILES 

A.  E.  Kulikova.  E.  N.  Zirberman,  and  N.  A.  Sazanova 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  7,  pp.  2180-2183, 

July,  1960 

Original  article  submitted  June  29,  1959 


Methods  are  described  in  the  literature  for  the  hydrolysis  of  nitriles  to  amides  using  hydrogen  peroxide  in 
alkaline  medium  [1],  and  also  concentrated  sulfuric  [2]  and  hydrochloric  [3]  acids.  Recently,  schemes  have  been 
proposed  for  the  synthesis  of  amides  based  on  hydrolyzing  nitriles  in  the  presence  of  either  polyphosphoric  acid 
f4]  or  a  mixture  of  acetic  acid  and  boron  triHuoride  [5].  It  was  shown  by  us  recently  [6,  7]  that  adipcinitrile,  capro- 
nitrile  and  benzonitrile,  when  treaDid  with  water  and  hydrogen  chloride  in  the  cold  in  organic  solvents,  are  con¬ 
verted,  apparently  through  the  chlorides  of  the  imonium  chlorides  (I),  to  the  hydrochlorides  of  the  amides,  the 
structural  formula  of  which  corresponds  to  the  chlorides  of  the  imoniumhydrins  of  the  carboxylic  acids  (11).  Treat¬ 
ment  of  tlie  amide  hydrochlorides  with  excess  water  gave  the  corresponding  amides.  The  scheme  proposed  by  us 
for  tile  synthesis  of  amide  hydrochlorides  proceeds  under  mild  conditions  and  is  a  convenient  method  for  the  prep- 
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aration  of  both  amides  and  their  hydrochlorides.  In  addition,  the  given  method  makes  it  possible  to  obtain  amides 
from  nitriles  containing  reactive  functional  groups  in  the  molecule. 

It  should  be  mentioned  that  earlier  Pinner  [8]  had  also  apparently  obtained  the  imoniumhydrin  chlorides  by 
passing  hydrogen  chloride  through  ether  solutions  containing  water  and  acetonitrile  or  benzonitrile,  but  he  failed 
to  give  any  details  regarding  the  properties,  structure  and  yields  of  the* compounds. 

In  order  to  determine  to  what  extent  the  method  proposed  by  us  earlier  [6,  7]  for  the  preparation  of  amides 
and  their  hydrochlorides  is  general,  we  investigated  in  the  present  paper  the  reaction  of  the  aliphatic  nitriles: 
aceto-,  chloroaceto-,  trichloroaceto- ,  phenylaceto-,  6-chloropropio-,  6- ethoxy propio-,  capro-  and  stearonitriles, 
and  also  of  the  methyl  ester  of  6-cyanovaleric  acid  and  of  azobisisobutyronitrile,  as  well  as  a  member  of  the 
aromatic  scries,  namely  benzonitrile,  with  hydrogen  chloride  and  water  (see  Table).  The  hydrochlorides  of  6- 
chloropropionamide,  phenylacetamidc,  stearamide,  and  of  tiie  methyl  ester  of  adipamic  acid,  and  also  the  methyl 
ester  of  adipamiic  acid,  are  new  compounds.  The  hydrochloride  of  caproamide  was  not  isolated  since  it  proved 
to  be  very  unstable  in  the  air.  The  hydration  of  chloroacetoriitrile  gave  a  mixture  of  chlor6acetamide  and  its 
hydrochloride.  Only  the  free  amide  is  formed  in  the  case  of  trichlorcacetonitrile. 

The  experiments  in  the  table  are  arranged  in  the  order  of  decreasing  reactivity  of  the  nitriles.  Attention  is 
attracted  to  the  fact  that,  as  a  rule,  the  presence  of  an  electronegative  substituent  in  the  nitrile  accelerates  tire 
formation  of  amide  hydrochlorides,  while  a  positive  substituent  retards  such  formation.  However,  deviations  from 
the  general  rule  exist;  for  example,  under  the  same  conditions  the  yield  of  amide  was'greater  from  stearonitrile 
than  from  capronitrile.  Of  the  investigated  compounds,  only  6-ethoxypropionitrile  and  azobisisobutyronitrile  fall 
to  hydrolyze  to  the  corresponding  amides. 
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The  formation  of  amide  hydrochlorides  from  nitriles  and  water  in  the  presence  of  hydrogen  chloride  can  go 
in  other  solvents  (benzene,  toluene,  dioxanc,  etc.)  besides  ether  [0],  and  also  without  a  solvent.  However,  of  the 
different  solvents  it  proved  that  ether,  as  a  rule,  was  the  best.  An  excess  of  hydrogen  chloride  exerts  a  noticeable 
accelerating  effect  on  the  hydration  rate  of  tire  nitriles,  since  ttie  first  stage  of  the  synthesis  (a)  is  a  reversible 
process  and  an  excess  of  hydrogen  cliloride  shifts  tire  equilibrium  toward  the  chloride  of  the  imonium  chloride  (I). 

It  should  be  mentione  that  if  it  is  desired  to  synthesize  the  free  amide,  then  there  is  no  need  to  isolate  the  imonium- 
hydrin  chloride  from  the  reaction  medium.  In  the  case  of  reactive  nitriles  the  synthesis  of  the  imoniumhydrin  chlo¬ 
rides  (II)  is  best  accomplished  with  cooling.  It  proved  that  with  the  less  reactive  nitriles  (benzonitrile,  stearonitrile 
and  capronitrile)  the  reaction  was  best  carried  cut  at  room  temperature. 

In  a  previous  paper  [6]  it  was  shown  indirectly  that  the  products  obtained  in  the  reaction  of  nitriles  with 
hydrogen  chloride,  taken  in  an  equivalent  ratio  of  1 :  2,  apparently  being  chlorides  of  the  imonium  chlorides  (I), 
are  intermediate  products  in  the  synthesis  of  the  imoniumhydrin  chlorides  (11).  However,  statements  exist  [10,  11] 
in  the  literature  that  such  substances  (I)  when  treated  witii  water  can  decompose  only  to  the  starting  nitriles  and 
hydrogen  chloride.  To  obtain  experimental  proof  of  the  conclusion  made  by  us  earlier,  in  the  present  study  we 
isolated  the  chloride  of  acetimonium  chloride  (I,  R=  CH3)  from  the  reaction  products  of  acetonitrile  with  hydrogen 
chloride  and  then  treated  the  substance  with  an  equivalent  amount  of  water  in  the  cold.  Here  the  acetimonium- 
hydrin  chloride  (II,  R=CH3)  was  obtained  in  high  yield.  The  erroneous  reasoning  in  the  papers  by  Hantzsch  [10] 
and  Hinkel  [11]  was  due  to  the  fact  that  they  treated  (I)  with  a  large  excess  of  water,  which  caused  the  equilibrium 
of  reaction  (a)  to  shift  to  the  left,  whereas  in  the  method  proposed  by  us  for  the  preparation  of  amide  hydrochlorides 
(II)  the  water  reacts  only  in  accordance  with  reaction  (b).  At  tlie  same  time,  our  data  do  not  exclude  the  possibility 
of  a  different  mechanism  for  the  conversion  of  nitriles  to  amide  hydrochlorides  and  amides.  It  is  entirely  probable, 
for  example,  that  in  the  case  of  reactive  nitriles  (trichloroacetouitrile,  etc.),  and  also  when  the  reaction  is  run 
under  comparatively  drastic  conditions,  the  hydrogen  chloride  fails  to  form  stable  imoniumchloride  chlorides  or 
other  saltlike  compounds  with  tlie  nitriles,  and  instead  functions  as  a  catalyst  for  the  reaction  [12]. 

EXPERIMENTAL 

The  starting  nitriles  used  in  our  work  were  anhydrous  compounds,  with  constants  corresponding  to  those 
reported  in  the  literature. 

Acetamide  and  its  hydrochloride.  Tlie  saturation  of  8.2  g  of  acetonitrile  in  10  ml  of  ether  with  dry  hydrogen 
chloride  [11]  gave  22.2  g  (977^  of  the  chloride  of  acetimonium  chloride  (I,  R  =  CH3),  m.p.  6°.  With  stirring  and 
cooling  to  0°,  a  suspension  of  11  4  g  of  (I)  in  10  ml  of  dry  ether  was  treated  with  1.8  ml  of  water.  After  4  days  the 
white  precipitate  was  filtered,  followed  by  washing  w'ith  ether  and  drying  to  constant  weight  in  a  vacuum-desic* 
cator  Wc  obtained  8.8  g(92'7’)  of  acetimoniurnhydrin  chloride,  m.p.  142“  (decompn.);  the  mixed  melting  point 
with  the  hydrochloride  obtained  from  aceMniide  [13]  was  not  depressed.  The  saturation  of  an  ether  solution  of  4.1 
g  of  acetonitrile  and  1.8  g  of  water  with  37  g  of  hydrogen  chloride,  followed  by  standing  for  a  day,  gave  8.8  g  of 
acetamide  hydrochloride  The  same  substance  (n.  R=CH3)  was  obtained  in  93*70  yield  from  the  same  starting  mate¬ 
rials,  but  omitting  the  solvent,  by  heating  at  50“  for  6  hr.  Operating  as  described  earlier  [6],  we  isolated  1.35  g 
■  ( 93*70)  of  acetamide  from  2  45  g  of  acetimoniurnhydrin  chloride 

Methyl  ester  of  adipamic  acid  and  its  hydrochloride.  Saturation  of  a  solution  of  14.1  g  of  methyl  6-cyano- 
valerate  [14]  and  1.8  g  of  water  in  30  ml  of  dry  ether  with  40  g  of  dry  hydrogen  chloride  at  0-5“  gave  after  5 
days  9.8  g  (5l7<’)  of  the  hydrochloride  of  methyl  adipamate  pi,  R=  CH3  00(2(CH2)4].  The  product  softens  at  110* 
and  melts  at  15G— 158“  (decompn.). 

A  solution  of  3.7  g  of  methyl  adipamate  hydrochloride  in  20  ml  of  water  was  neutralized  with  sodium  carbo¬ 
nate  to  methyl  orange.  The  obtained  amide  was  extracted  with  ethyl  acetate.  The  extract  was  dried  over  anhydrous 
Na2S04,  after  which  the  solvent  was  removed  to  yield  1.7  g  (57*7?)  of  methyl  adipamate,  m.p.  92—93*  (from  a 
mixture  of  ethyl  acetate  and  ether). 

Found  7o:  C  52.72;  H  8.27;  N  8.66.  C7H,303N.  Calculated  c  52.83;  H  8.17;  N  8.80  . 

Conversion  of  the  other  nitriles  to  the  corresponding  amide  chlprides  was  accomplished  in  the  same  manner 
as  the  preparation  of  the  hydrochloride  of  methyl  adipamate,  i.e.,  by  saturating  ether  solutions  of  the  nitriles  and 
water  at  0—5“  or  at  room  temperature  (benzonitrile)  with  a  3— 5  fold  excess  of  hydrogen  chloride.  The  hydrochlo¬ 
rides  of  caproamide  and  stearamide  were  obtained  in  the  toluene  medium  at  20*  .  In  all  of  the 
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cxpcrimcnL'5  the  imotiiiimhydri'i  chlorides  ( ID  were  worked  up  when  a  su''*'ranti.?l  incrcirc  in  the  amount  ct‘  Tcei- 
pitatc  in  the  reaction  mixture  was  no  longer  observed.  The  isolation  of  the  amides  and  their  hydrochlorides  was 
done  in  the  same  manner  as  the  isolation  of  5  -cyanovaleramide  [6] .  The  yields  and  the  constants  of  both  the  amides 
and  their  hydrochlorides  are  given  in  the  Table. 


SUMMARY 

1.  It  was  shown  that  the  earlier  described  reaction  of  nitriles  with  hydrogen  chloride  and  water  represents  a 
convenient  method  for  the  preparation  of  amides  and  their  hydrochlorides. 

2.  It  was  shown  that  for  the  most  part  electronegative  substituents  in  the  starting  nitriles  facilitate  a  progress 
of  the  reaction. 
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In  recent  years  different  thiourea  derivatives  have  attracted  the  attention  of  many  investigators  because  of 
tlicir  physiological  activity  [1].  A  large  number  of  all  kinds  of  tliiourea  derivatives,  many  of  which  exhibit  sub- 
sLintial  antitubcrcular  activity,  have  been  synthesized  and  subjectetl  to  biological  testing.  A  number  of  authors 
[2]  have  made  attempts  to  elucidate  tlie  mechanism  of  the  action  of  tliese  compounds  on  microorganisms,  and 
also  the  relationship  between  tlie  structure  of  thiourea  derivatiVes  of  type  R-NH— CS— NH— R’  (I)  and  their  tuber¬ 
culostatic  activity. 

When  compounds  of  type  (I)  were  tested  it  was  found  that  the  greatest  activity  is  possessed  by  those  thiourea 
derivatives  in  which  R  =  p-C6H4X,  where  X  =  C1,  Br,  1.  F.  alkyl  or  alkoxy  group  (from  Cj  to  C5),  and  R’  =  p-C6H4Y, 
where  Y  =  C1,  Br,  I,  F,  alkyl,  alkoxy,  dialkylamino,  ethoxydialkylamino,  sulfonamido,  and  other  groups,  or  pyridyl, 
piperidyl,  naphthyl,  2-thiazolyl,  dimethylisoxazolyl,  sulfathiazolyl,  and  other  groups. 

It  is  assumed  that  the  mechanism  of  the  action  of  thiourea  derivatives  on  microorganisms  is  linked  with 
their  complex- formation  ability,  since  all  of  these  derivatives  are  capable  of  giving  complexes  with  heavy  metal 
salts  [3]. 

Thiourea  derivatives  containing  the  aroyl  radical  (I,  R=XC6H4CX))  have  received  little  study  as  yet.  Some 
[4]  N-aroyl-N’-aryl-substituted  thioureas  (I,  R=  phenyl,  p-nitroplienyl,  p-dimethylarninophenyl;  R’=p-tolyl,  p- 
ethoxyphenyl,  p-nitrophenyl)  have  been  synthesized,  and  also  [5]  compounds  of  type  P-O2NC6H4  CONHCSNHR, 
where  R=p-CeH4Cl,  p-C6ll4Br,  p-Cgl^I,  2-pyridyl,  2-thiazolyl,  or  isonicotinoylamido  group.  The  testing  ofthese 
derivatives  revealed  that  they  completely  inhibit  the  growth  of  tubercle  bacillus  at  a  concentration  of  10"®  mg/ 
/liter.  Tliiourea  derivatives  containing  the  fiircyl  radical  have  remained  completely  unstudied. 

In  order  to  fill  in  the  indicated  gap  and  to  trace  the  effect  of  introducing  the  furan  ring  on  the  change  in 
the  activity  and  toxicity  of  thioiurea  derivatives  we  undertook  the  tiSk  of  synthesizing  some  new  N-benzoyl-,  N- 
-furoyl-  and  N-5-halofuroylcarbanilides  of  general  formula 


RCONIICSNH— (II) 

where:  R  =  .x-|  I-  (.\  =  H.  Br).  c,n„  Y  =  ch,.  ch,o.  ci. 

O 

In  addition  to  their  pharmacological  interest,  these  compxaunds  could  be  of  interest  in  analytical  chemistry 
[6]  as  active  complexing  agents. 
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The  benzoyl  and  furoyl  isothiocyanates  (III),  obLiincd  here  as  intermediate  products,  can  be  isolated  in  the 
free  state.  They  are  colorless  liquids  that  tend  to  solidify  10-  15*  above  the  corresponding  acid  chloride. 

Tlie  known  tolylthiourca  with  m.p.  1S8*  was  obtained  when  tlie  l-benzoyl-d-p-tolyl-  and  1 -furoyl-3-p-rolyl- 
thioureas  were  refluxed  with  107'’ caustic. 

Depending  on  the  conditions,  in  the  preparation  of  the  5-bromofuroyl  derivatives  of  thiourea  either  the  l-(5- 
bromofuroyl)-3-arylthiourea  or  the  corresponding  disulfide  (IV)  is  obtained. 


_sJ[  l-CONHCSNUAr 

J2 

(rv) 

The  formation  of  the  disulfide  could  occur  as  the  result  of  replacing  the  bromine  in  the  furan  ring  by  the 
thiocyanate  radical  at  tlie  start  of  reaction,  because  of  the  presence  of  excess  NH4  SCN,  and  subsequent  conversion 
of  the  thiocyanate  derivative  to  the  disulfide. 

EXPERIMENTAL 

Reparation  of  2-furojl  chloride.*  A  charge  of  11.1  g(0.1  mole)  of  recrystallized  and  dried  2-furoic  acid 
was  placed  in  a  l^O-ml  round-bottomed  flask,  fitted  with  a  reflux  condenser  tliat  was  protected  by  a  CaCl2  tube. 
Then  8  g  (O.OG  g  mole)  of  PCI3  was  added  and  the  flask  was  heated  on  the  water  bath  for  4  hr.  The  obtained  black 
liquid  was  decanted  from  the  precipitate  and  vacuum-distilled;  b.p.  72“  (25  mm).  Yield  7.5  g(667’). 

General  procedure  for  the  preparation  of  N,  N* -derivatives  of  thiourea.  An  equimolar  amount  of  either  sodium 
or  ammonium  thiocyanate  was  dissolved  in  anhydrous  acetone  and  added  to  the  acid  chloride.  After  heating  on  the 
water  bath  for  10  min,  an  equimolar  amount  of  the  amine  in  anhydrous  acetone  was  added.  The  reaction  mixture 
was  heated  for  15  min,  then  cooled,  filtered,  and  washed  with  water  (to  remove  thiocyanate)  and  then  with  cold 
alcohol  (to  remove  the  amine).  Yield  40~707'’.  The  product  was  recrystallized  twice  from  acetone  (or  from  a 
mixture  of  alcohol  and  acetone,  or  from  glacial  acetic  acid). 

All  of  the  syntliesizcd  thiourea  derivatives  are  solids,  soluble  in  hot  acetone,  alcohol,  and  glacial  acetic 
acid.  They  crystallize  as  either  white  or  yellow-green  needles.  The  obtained  compounds  are  listed  in  the  Table. 

Preparation  of  disulfide  (IV).  A  solution  of  3.13  g  (0.015  mole)of  5-bromo- 2- furoyl  chloride*  and  1.14  g 
(0.015  mole)  of  NH4  SCN  in  5  ml  of  anhydrous  acetone  was  refluxed  for  several  minutes.  A  solution  of  1.85  g 
(0.015  mole)  of  anisidine  in  5  ml  of  anhydrous  acetone  was  then  added  to  the  reddish- orange  mass.  Tlie  reaction 
mixture  was  refluxed  for  about  1  hour,  and  then  it  was  poured  into  25  ml  of  water.  Here  a  dark  red  oil  was  obtained, 
which  crystallized  on  cooling.  The  crystals  were  filtered  and  washed  with  alcohol.  This  gave  a  yellow  compound, 

*By  analogy  with  the  preparation  of  benzoyl  chloride  [8], 

*  5-Bromo-2-furoyl  chloride  was  obtained  by  the  procedure  given  in  [9], 
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containing  botli  sulfur  and  nitrogen.  After  two  recrystaliizations  from  alcoliol  the  compound  liad  m.p.  135—136*. 
Found  N  8.73.  8.73.  C26H22O6N4S4.  Calculated  N  9,12. 

SUMMARY 

1.  A  number  of  new  N-aroyl  (benzoyl,  furoyl,  5-bromoftiroyl)-N’-aryl-substituted  derivatives  of  thiourea 
were  obtained  by  reacting  the  proper  acid  chlorides  with  metal  thiocyanates  and  subsequent  condensation  with 
aromatic  amines  (p-toluidine,  p-anisidine,  p-chloroaniline). 

2.  Depending  on  the  reaction  conditions,  it  was  shown  that  it  is  possible  for  5-bromo-2-furoyl  chloride  to 
react  with  ammonium  thiocyanate  in  two  ways;  with  only  the  chlorine  atom  reacting  or  with  both  the  chlorine  and 
the  bromine  atoms  reacting  simultaneously. 
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CHEMISTRY  OF  2  ,  1 . 3  -  T  H I A  DI A  ZO  L  E 

XI.  CHLORINATION  AND  BROMINATION  OF  l',2’-NAPHTHO-2,l,3-THIADIAZOLE 

V.  G.  Pesin,  A.  M.  Khalelskii,  and  L.  A.  Kaukhova 
Leningrad  Chemical- Ftiarmaceutical  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30.  No.  7,  pp.  2187-2192, 

July,  1960 

Original  article  submitted  July  11,  1959 

r,2’-Napbtho-2,l,3-thiadiazo]e  (II)  was  obtained  for  the  first  time  by  heating  1,2-naphthalenedlamine  (I) 
with  sulfur  dioxide  at  180-200*’  for  8  lir  [1]. 


NHo 

N - S 

11  ( 

1 

\ 

•1 

— -1  1  1 

1  H  1 

(I) 

(II) 

Despite  the  lapse  of  70  years  since  the  compound  was  first  synthesized,  this  heterocycle  has  remained  com¬ 
pletely  unstudied,  possibly  because  a  convenient  method  for  its  synthesis  fails  to  exist.  Earlier  we  had  shown  that 
compound  (II)  can  be  easily  obtained  by  reacting  (1)  with  thionyl  chloride  in  the  presence  of  tertiary  bases  (pyri¬ 
dine,  tricthylamine),  or  with  thionylaniline.  Subsequently  it  was  established  by  us  that  thionylaniline  reacts  readily 
not  only  with  1,2-naphthalencdiamine,  but  also  witli  its  salts,  to  give  (II)  in  95*70  yield  [2]. 

In  previous  investigations  we  had  also  establLshed  that  benzo-2,l,3-thiadiazolc  (III)  and  many  of  its  deriva¬ 
tives  exhibit  a  distinct  aromatic  character  in  their  more  important  chemical  properties  and  that  (III)  possesses 
definite  unsaturation.  Thus,  for  example,  (III)  readily  reacts  with  either  chlorine  or  bromine  to  add  four  halogen 
atoms  and  respectively  yield  the  tctrachloro-  or  the  tetrabromotetrahydr(^enzo-2,l,3-thiadiazole  (IV),  which 
when  treatcxl  witli  alcoholic  KOH  solution  are  converted  to  4,7-dichloro-  and  4,7-dibromobenzo-2,l,3-thiadiazole 
(V),  respectively. 
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As  a  result,  depending  on  the  conditions,  when  chlorine  or  bromine  is  reacted  with  T,2'-naphtho-2,l,3- 
-thiadiazole  it  is  possible  for  the  rea<;tion  to  go  in  several  directions:  the  halogen  replaces  hydrogen  in  only  one 
or  in  both  rings  (VI,  Via),  as  shown  by  Scheme  (a). 
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If  the  halogens  add  it  is  possible  to  expect  the  introduction  of  two  atoms  with  tlie  formation  of  the  dichloro- 
and  dibromexlihydro- r.2’-naphtho-2,l,3-thiadiazoIes  ( VII,  Vila),  respectively,  in  accordance  with  Scheme  (b). 
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It  was  cstablisijcd  by  us  that  r,2’-naphtho-2,l,3-thiadiazole  reacts  readily  with  eitlier  chlorine  or  bromine 
in  hot  glacial  acetic  acid  with  the  respective  formation  of  the  dichloro-  or  dibromo  derivatives  of  r,2’-naphtho- 
-2, 1,3-thiadiazole  (VI,  Via),  which  do  not  react  with  alcoholic  caustic  solution  under  the  usual  conditions  (with 
the  cleavage  of  either  hydrogen  chloride  or  hydrogen  bromide);  consequently,  under  the  indicated  conditions  the 
substitution  goes  in  accordance  witli  Scheme  (a).  Changing  tlie  reaction  conditions  in  order  to  obtain  the  mono- 
chloro  or  monobromo  derivatives  of  r,2'-naphtho-2,l,3-thiadiazole  gave  negative  results.  Thus,  at  15®  and  lower, 
independent  of  the  amount  of  bromine  present,  only  the  dibromo  derivative  (VI)  is  forme«l,  and  a  part  of  (II)  re¬ 
mains  unreacted  when  1  mole  of  bromine  is  used. 

The  reaction  of  cither  chlorine  or  bromine  with  r,2’-naphtho-2,l,3-thiadiazole  in  the  molten  state  results 
in  the  addition  of  two  halogen  atoms  with  the  respective  formation  of  the  dichloro-  or  dibromodihydro-r,2'- 
-naphtho-2, 1,3-thiadiazoles  ( VII,  Vila),  which  when  treated  with  alcoholic  KOH  solution  are  converted  respec¬ 
tively  to  the  4’-chloro  ( Vni)  and  a  mixture  of  the  4*-  and  3’-btomo  derivatives  of  r,2'-naphtho-2,l,3-thiadiazole 
(X,  XI),  in  accordance  with  Scheme  (b). 

We  proved  the  stnicture  of  the  halo  derivatives  by  comparing  their  properties  with  the  properties  of  the  4*- 
-chloro-  and  4’-bromo-r,2’-naphtho-2,l,3-thiadiazoles  (XIII,  XIV)  that  were  synthesized  by  reacting  the  corres¬ 
ponding  o-naphthalenediamines  (Xn)  with  thionylaniline  in  accordance  with  the  reaction. 
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Compound  ( VIII),  formed  by  the  reaction  of  alcoholic  caustic  solution  with  (VII),  proved  to  be  identical 
with  (XIII),  which  was  obtained  from  4-chloro- 1,2-naphthalenediamine  (XII);  the  mixed  melting  point  of  (Vlll) 
and  (XIII)  was  not  depressed.  Judging  from  the  melting  point  ( 113— 124®),  the  substance  formed  when  (VII)  is  re- 
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acted  with  alcoholic  caustic  is  most  probably  a  mixture  of  fX)  and  (XI).  The  bromo  derivative  (XIV),  obtained  by 
the  reaction  of  4-bromo-l,2-naphthalenediamine  (Xlla)  with  thionylaniline,  melts  at  124-125°:  a  mixture  of 
(XIV)  and  (X 4  XI)  melLc  at  1^7-  113°,  i.e.,  at  a  temperature  that  is  close  to  tiic  lower  limit  of  the  melting  points 
of  (X)  and  (XI). 

According  to  the  literature  [2],  replacement  of  hydrogen  in  benzo-2,l,3-thiadiazole  (III)  is  determined 
chiefly  by  the  substituent  present  in  the  aromatic  ring,  and  not  by  the  thiadiazole  ring,  entrance  of  tlie  chlorine 
atom  in  the  4’  position  is  in  harmony  with  these  conclusions,  since  it  is  possible  to  regard  r,2'-naphtho-2,l,3- 
-tiiiadi.izole  as  being  bcnzo-2,l,3-tliiadiazole,  substitutai  in  positions  6  and  7.  On  the  other  hand,  the  fact  that 
bromine  enters  both  tlie  4’  and  3'  positions  iniicates  that  the  tliiadiazole  ring  exerts  a  definite  influence  in  the 
given  reaction  (cleavage  of  hydiogen  halide  from  compounds  VII  and  Vila),  favoring  substitution  in  the  3*  position, 
similar  to  the  situation  that  exists  in  the  nitration  and  sulfonation  of  benzo-2,l,3-thiadiazole  (III);  in  these  reac¬ 
tions,  as  is  known,  the  nitro  group  and  likewise  the  sulfo  group  enter  the  4  position. 

NO2 

I  ]\j 

/'V  \ 

(III)  ""-’I  I  S 

Tlie  starting  1 ,2-naphthalcncdiamine  and  its  4-chloro  and  4-bromo  derivatives  were  obtained  partly  as 
described  in  the  literature  [3—  12]  and  partly  by  improved  procedures,  as  described  in  EXPERIMENTAL. 

EXPERIMENTAL 

3’, 4'-Dichlorodihydro- r,2'-napl'.tho-2, 1,3- thiadiazole  (VII).  Molten  l',2'-naphtho-2,l,3-thiadiazole  (II) 

(3.2  g),  ni.p.  81°,  was  saturateJ  at  ino®  \/ith  chlorine  (the  reaction  went  with  the  evolution  of  heat);  we  obtained 
4.45  g  of  the  compound,  m.p.  153— 153.5°  (from  alcohol). 

Found  N  in. 32,  10.51;  S  12.36,  12.60.  CioHgNjSClj.  Calculated  %:  N  10.89;  12.45. 

4' -Chloro- T, 2’- pa phtho- 2, 1,3- thiadiazole  (\^ID.  a)  A  mixture  of  1  g  of  3’,  4'-dichlorodihydro-l*,2’-naph- 
tho- 2, 1,3- thiadiazole,  35  ml  of  alcohol  and  0.6  ml  of  40'7o  NaOH  solution  was  heated  at  the  boil  for  1  hr,  then  the 
reaction  mixture  was  diluted  witli  35  ml  of  water,  the  whole  was  tlien  heated  at  the  boil  for  15  min,  and  after 
cooling,  the  precipitate  was  filtered  and  washed  with  aqueous  alcohol;  we  obtained  0.75  g  of  white  substance, 
which  after  recrystallization  from  dilute  alcohol  had  m.p.  124°.  The  mixed  melting  point  with  autlientic  4*-chloro- 
- T ,2'-naphtho-2, 1,3- tliiadiazole  was  not  depressed. 

Found  "70;  N  12.16,  12.22;  S  14.94,  15.17,  C10H5N2SCI.  Calculated  ‘7^':  N  12.64;  S  14.45. 

b)  A  mixture  of  2.6  g  of  4-chloro- 1,2-naphthalenqdiamine,  m.p.  124°,  and  2.2  ml  of  thionylaniline  in  20 
ml  of  pyridine  was  heated  for  1  hr  on  the  boiling  water  bath,  then  cooled,  and  the  solution  treated  with  4‘7<’ hydro¬ 
chloric  acid  until  acid.  Tlie  obtained  precipitate  was  filtered,  washed  with  water  until  neutral,  and  then  recrystal- 
lizcd  from  alcohol  (using  carbon);  m.p.  122—124°, 

Found  N  12.34,  12.656;  Cl  16.21,  16.19.  CmHgNjSCl.  Calculated  N  12.69;  a  16.10. 

3*, 4*- Dibromodihydro-r, 2* -na phtho- 2, 1,3- thiadiazole  (Vila).  Bromine  (2  ml)  was  added  to  4  g  of  molten 
T,2'-naphtho-2,l,3-thiadiazole,  after  wliich  tlie  mixture  was  heated  for  1  hr  up  to  the  boil,  then  cooled,  and  the 
excess  bromine  was  evaporated.  We  obtained  7.3  g  of  substance,  which  after  recrystallization  from  acetone  had 
m.p.  210°. 

Found  N  8.25,  8.09;  Br  46.65,  46.46.  CioH^NzSBrj  Calculated  N  8.09;  Br  46.24. 

Mixture  of  3*-and  4'-bromo- r,2'-naphtho-2,l,3-thiadiazolcs  (X,  XI).  A  mixture  of  1.5  g  of  3’,4'-dibromo- 
dihydro-r,2'-naphtho-2,l,3-thiadiazole  (Vila),  m.p.  210°,  50  ml  of  alcohol  and  a  solution  of  0.3  g  of  KOH  in 
0.6  ml  of  water  was  heated  fw  2  hr  at  the  boil,  after  which  the  reaction  mixture  was  diluted  with  water.  After 
cooling,  the  precipitate  was  filtered  ahd  washed  in  succession  with  water  and  dilute  alcohol.  Here  we  obtained 
1.15  g  of  substance  with  a  vague  melting  point,  which  was  heated  in  boiling  alcohol  for  30  min  and  then  filtered 
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hot  to  give  0.25  g  of  insoluble  substance  with  m.p.  IS"^-  197’.  Tlic  hot  filtrate  was  treatcJ  with  small  portions  of 
water  until  a  turbidity  appeared,  which  was  made  to  disappear  by  tlie  addition  of  a  little  alcohol,  after  which  the 
clear  solution  was  cooled  and  the  obtained  precipitate  filtered  and  washed  with  aqueous  alcohol;  we  obtained  0,51 
g  of  crystalline  compound  with  m.p.  100-122’.  After  recrystallization  from  alcohol  (using  carbon),  m.p.  113—124*. 

A  mixture  of  the  compound  with  authentic  4'-bromo- r,2'-naphtho-2.1.3-thiadiazole  melted  at  107—113’. 

Found N  10.56,  10.28;  Br  30.42,  30.23.  CioHgNzSBr.  Calculated  *70;  N  10.56;  Br  30.19. 

4*-Bromo-l'.2'-naphtho-2,l,3-thiadiazole  (XIV).  A  mixture  of  6  g  of  4-bromo- 1,2-naphthalenediamine. 
m.p.  100-  102’,  50  ml  of  pyTidine  and  4.2  ml  of  thionylaniline  was  heated  for  1  hr  on  the  boiling  water  bath,  then 
cooled,  and  the  solution  was  treated  with  47*’ hydrochloric  acid  solution  until  acid  to  Congo.  The  obtained  precip¬ 
itate  was  filtered  and  washed  with  water  until  neutral.  We  obtained  6.2  g  of  substance,  which  after  two  recrystal¬ 
lizations  from  SO'T:’ acetic  acid  (in  the  presence  of  carbon)  had  m.p.  124—125’. 

Found  N  10.56,  10.61;  Br  30.42.  CioHgNjSBr.  Calculated  N  10.56;  Br  30.19. 

X|'.X7*-Dichloro-r.2*-narhtho-2,1.3-thiadiazple  (  VI).  A  solution  of  2  g  of  r,2'-naphtho-2, 1,3-thiadlazole, 
m.p.  81’,  in  50  ml  of  glacial  acetic  acid  was  saturated  with  chlorine  for  15  min  at  50°  and  then  concentrated  to 
a  sirupy  mass.  Treatment  with  40  ml  of  hot  alcohol  gave  a  precipitate,  which  was  filtered  and  recrystallized  twice 
from  alcohol  (in  the  presence  of  carbon);  the  compound  was  obtained  as  fine  colorless  needles  with  m.p.  133—  140’. 

Found  3:-  N  11.09,  10. "O;  S  12.32.  12,50.  C,nH4N2^Cl2.  Calculated  '7':  N  10.98;  S  12.55. 

X 1' . X;* - Dibromo- 1' , - na phtho- 2 , 1 , 3- th iad la zole  ( Via) .  A  solution  of  2  g  of  r,2'-naphtho-2,1.3-thiadiazole. 
m.p.  81’,  in  20  ml  of  glacial  acetic  acid  was  treated  with  0.65  ml  of  bromine  in  1.5  ml  of  glacial  acetic  acid 
(heat  was  evolved),  and  on  cooling  we  obtained  3.2  g  of  substance  with  m.p.  132-  132.5’  (from  alcohol). 

Found  70;  N  8.21.  8.26;  Br  46.92,  46.41,  C,oH4N2SBr2.  Calculated  N  8.15;  Br  46.51. 

Thionylaniline.  A  mixture  of  300  g  of  aniline  hydrochloride,  600  ml  of  benzene  and  125  ml  of  thionyl  chlo¬ 
ride  was  heated  under  reflux  for  12  hr  on  the  water  bath,  after  which  the  reaction  mass  was  cooled,  filtered,  and 
the  filtrate  was  distilled  at  12  mm;  we  obtained  205  g  of  thionylaniline. 

1,2-Naphthalencdiaminc.  Obtained  as  described  in  [12)  from  18  g  of  6-naphthylamine  hydrochloride  and 
diazotized  aniline  (from  9.3  g  of  aniline)  in  the  presence  of  18  g  of  sodium  acetate.  The  obtained  azo  dye,  after 
reduction  with  25  g  of  zinc  dust  and  600  ml  of  207’ acetic  acid,  was  filtered  into  150  ml  of  207’ sulfuric  acid.  After 
neutralization  with  sodium  carbonate  we  obtained  12.5  g  of  1,2-naphthalenediamine  with  m.p.  95-96°. 

T.2*-Naphtho-2,l,3-thiadiazole.  a)  A  mixture  of  2.3  g  of  1,2-naphthalenediamine,  m.p.  95—96’,  3  g  of 
thionylaniline  and  10  ml  of  toluene  was  heated  on  the  water  bath  for  1  hr,  then  cooled,  and  the  precipitate  was 
filtered  and  washed  witli  toluene.  Tlie  filtrate  was  evaporated,  the  residue  was  treated  with  47'’ hydrochloric  acid 
solution,  and  the  obtained  precipitate  was  filtered  and  washed  with  water.  Tlie  two  precipitates  were  combined 
and  then  recrystallized  from  alcohol  to  give  2.3  g(907c)  of  product  with  m.p.  81’  [3]. 

b)  A  mixture  of  10  g  of  1,2-naphthalenediamine  sulfate,  15  ml  of  thionylaniline  and  50  ml  of  pyridine  was 
heated  for  1.5  hr  on  the  boiling  water  bath,  after  which  the  cooled  mixture  was  stirred  with  added  47o  hydrochloric 
acid  until  acid  to  Congo.  The  obtained  precipitate  was  filtered  and  recrystallized  from  alcohol;  we  obtained  6.75 
g  (75.37')  of  product  with  m.p.  81*. 

c)  A  mixture  of  103  g  of  1,2-naphthalenediamine  (m.p.  95-96°)  sulfate,  100  ml  of  triethylamine  and  122 
ml  of  thionylaniline  was  heated  on  the  boiling  water  batli  for  20  min,  then  cooled,  treated  with  dilute  hydrochloric 
acid  until  acid  to  Congo,  and  the  obtained  finely  crystalline  precipitate  was  filtered.  After  recrystallization  from 
alcohol  we  obtained  89  g  (967’)  of  product  with  m.p.  81°. 

Mixture  of  2-  and  4-nitro-l-acetamidonaphthalenes.  A  mixture  of  60  g  of  a-naphthylamine,  55  ml  of  acetic 
anhydride  and  400  ml  of  glacial  acetic  acid  was  heated  on  the  boiling  water  bath  for  20  min,  then  cooled,  and 
the  solution  was  treated  with  nitric  acid  (d  1.42)  in  the  following  manner:  10  ml  in  one  dose  at  22’  and  19  ml  over 
15  min  at  15*.  The  clear  solution  was  stirred  for  20  hr  at  15’,  after  which  the  obtained  precipitate  was  filtered  to 
give  68.4  g  of  substance  with  m.p.  168—  170°.  The  filtrate  was  diluted  with  water  and  the  precipitate  (m  p  168-174°) 
(24  g)  was  recrystallized  from  alcohol  to  give  12  g  of  material  with  m.p.  188-  190°.  From  the  melting  point  the 
first  compound  is  4-nitro- l-acetamidonaphthalene,  and  the  second  is  the  2-nitro  isomer  [4]. 
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Mixture  of  l-amino-4-nitro-  and  l-acetaTnido-4-nitronaphtiialcnes.  Concentrated  sodium  hydroxide  was 
added  in  small  portions  to  20  g  of  mixed  2-  and  4-nitro- 1-acetamidcnaphthalencs  in  2.'S0  ml  of  hot  alcohol  until 
alkaline,  after  which  the  reaction  mixture  was  heated  for  20  min  on  the  boiling  water  bath,  then  allowed  to  stand 
for  a  day,  and  the  obtained  4-nitro- 1-naphthylamine  was  filtered.  We  obtained  "  g  of  product  with  m.p.  191-193" 

Tlie  filtrate  was  diluted  with  water  and  the  obtained  precipitate  was  filtered  to  give '7.64  g  of  substance  (4-nitro- 
- l-acetamidonaphthalene).  After  recrystallization  from  alcohol,  m.p.  199—201". 

4-Chloro-2-nitrr- 1 -acctamidonaplithalcne.  A  solution  of  20  g  of  2-nitro- l-acetamidonaphthalene  in  60  ml 
of  glacial  acetic  acid  was  treated  witli  chlorine  for  30  min  at  100°.  On  cooling  we  obtained  11  g  of  substance, 
which  after  recrystallization  from  glacial  acetic  acid  melted  at  219°  [5]. 

4-Chloro- 2-nitro-  l-naphtliylamine.  A  mixture  of  10  g  of  4-chloro- 2-nitro- l-acetamidonaphthalene,  m.p. 

219°,  100  ml  of  hO'’/ ■  sulfuric  acid  and  100  ml  of  alcohol  was  heated  under  reflux  for  6  hr  and  then  filtered  hot.  Here 
we  obtained  8.4  g  of  substance,  which  after  recrystallization  from  benzene  was  obtained  as  orange  needles  with 
m.p.  201°  [G]. 

4-Chloro-  1,2-naphthalencdiamine.  Obtained  as  described  in  the  literature  [7]  from  3  g  of  4-chloro-2-nitro- 
-  1-naphihylamine,  180  ml  of  hot  5U‘’/o  alcohol.  3.5  g  of  saturated  aqueous  ammonium  chloride  solution  and  zinc 
dust,  the  latter  added  in  small  portions  until  the  solution  decolorized.  Filtration  of  the  hot  solution  on  ice  in  a 
stream  of  hydrogen  gave  2.6  g  of  substance  w'ith  m.p.  92—93°. 

1- Acctamidonaphthalene.  Obtained  as  described  in  [4];  50  g  of  1-naphthylamine  was  dissolved  in  275  ml 
of  50%  acetic  acid  with  heating,  then  55  ml  of  acetic  anhydride  was  added,  after  which  the  mixture  was  cooled 
.ind  tiic  obtaincii  precipitate  was  filtered  and  washed  with  water;  wc  obtained  5G  g  of  praluct  with  m.p.  160". 

4-Bromo-  l-acctamidoraphthalenc.  Obtained  as  described  in  the  literature  by  the  bromination  of  39  g  of 
l-acctamidonaplithalenc,  m.p.  1G0°,  in  225  ml  of  glacial  acetic  acid  with  14  ml  of  bromine  in  37  ml  of  glacial 
acetic  acid;  after  filtration  and  washing  wiili  water  wc  obtained  47  g  of  substance  with  m.p.  190—192"  [9]. 

4-nromo-  l-acetaniido-2-nitronaphthalenc.  Obtained  as  described  in  tlie  literature  [10]  by  the  nitration  of 
21  g  of  4-bromo-l-aceiamidonaphtlialene,  m.p.  190—  192°,  in  300  ml  of  glacial  acetic  acid  with  6  ml  of  nitric 
acid  (d  1.5)  in  6  ml  of  glacial  acetic  acid  at  60°.  After  cooling  the  mixture  and  recrystallization  of  the  precipitate 
from  alcohol  (using  carbon)  wc  obtained  24  g  of  substance  with  m.p.  226—230". 

4-Bromo- 2-nitro- 1-naphthylamine  was  obtained  as  described  in  [11]  by  tlie  hydrolysis  of  20  g  of  4-bromo- 
-2-nitro- 1-acetamidonaphthalcne,  m.p.  226—230°,  with  50  ml  of  coned,  sulfuric  acid  at  40—50°  for  3  to  4  minutes. 
The  mixture  was  then  poured  over  ice  and  the  precipitate  was  recrystallized  from  alcohol  to  give  12  g  of  substance 
with  m.p.  lO'^— 196°. 

4-Bromo- 1 ,2-naphthalenecian;ine.  Obtained  as  described  in  the  literature  [10]  by  the  reduction  of  10  g  of 
4-bromo- 2- niTjo- 1-naphthylamine  in  200  ml  of  hot  50%  alcohol  with  zinc  dust  in  the  presence  of  11  g  of  saturated 
aqueous  ammonium  chloride  solution,  with  heating  on  the  water  bath  (to  decolorization  of  the  solution),  and  subse¬ 
quent  filtration  of  the  hot  solution  on  ice.  After  tlie  precipitate  was  filtered  in  a  stream  of  hydrogen  we  obtained 
5  g  of  substance  with  m.p.  100—102*. 

SU  MMARY 

1.  The  behavior  of  halogens  toward  l’,2’-naphtho-2,l,3-thiadiazole  was  investigated  and  it  was  shown  that 
the  latter  reacts  with  chlorine  and  bromine  in  the  same  manner  as  does  benzo-2,l,3-thiadiazole,  with  the  respective 
formation  of  the  dichloro-  and  dibromodihydro-r,2’-naphtho-2,l,3-thiadiazoles,  which  wdien  treated  with  alcoholic 
KOH  solution  are  converted  respectively  to  the  4'-chloro-  and  a  mixture  of  the  3’-and  4’-bromo-r,2’-naphtho- 
2,1,3-thiadiazoles. 

2.  It  was  found  that  l’,2’-naphtho-2,l,3-thiadiazole  reacts  with  chlorine  and  with  bromine  in  hot  acetic 
acid  medium  to  respectively  yield  the  dichloro-  and  dibtomo-l',2'-naphtho-2,l,3-thiadiazoies  with  the  position 
of  the  halogens  undetermined. 

3.  Improvements  were  made  in  the  synthesis  of  both  the  4-chloro-  and  4-bromo- 1,2-naphthalenediamines. 
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At  the  present  time  a  large  number  of  investigations  exists  on  developing  methods  for  the  preparation  of 
alkylphcnols  and  alkyl  phenyl  edicrs.  Tliese  compounds  are  used  in  the  preparation  of  antioxidants,  oil-soluble 
synilietic  resins,  and  certain  pharmaceuticals.  Tluis,  the  products  obtained  by  tlie  condensation  of  "pentaphen" 
(p-tcrt-amylphenol)  and  p-tert-butylphenol  with  aldehydes  are  synthetic  resins,  soluble  in  hydrocarbons  and  dry¬ 
ing  oils.  Usually  olefins,  alcohols  and  halc-substituted  hydrocarbons  are  used  for  the  alkylation  of  phenol.  Sulfuric 
acid,  metal  halides  and  boron  fluoride  are  used  as  the  alkylation  catalysts. 

A  large  amount  of  work  in  this  field  is  being  done  by  S.  V.  Zavgorodnii  and  co-workers[l— 5].  Using  olefins 
to  alkylate  phenol,  anisole  and  halo-substituted  phenols  in  the  presence  of  boron  fluoride,  they  obtained  a  mixture 
of  alkylphenols  and  alkyl  phenyl  ethers.  It  was  sliown  by  N.  I.  Shuikin  and  L.  A.  trivanskaya  [6]  that  anisole,  and 
also  the  o-,  m-  and  p-methylanisoles  are  converted  on  aluminum  oxide  to  alkylated  phenols.  Plienetole  and  the 
n-propyl  and  isopropyl  ethers  of  phenol  behave  in  a  similar  manner  [7].  I.  F.  Razvcnchuk  and  S.  Z.  Kaplan  [8, 

9]  alkylated  phenol  with  isopropyl  chloride  and  isobutyl  alcohol  on  gumbrin  that  had  been  treated  with  gaseous 
hydrogen  chloride.  In  the  first  case  tlie  yield  of  alkylphcnol  fractions  was  56'’/^;  in  the  second  case  the  yield  of 
p-tcrt-butylphcnol  was  1 4'7'>,  p-tcrt-butylphenol  was  also  obtained  by  other  authors  [10,  11]. 

lYeviously  we  had  found  that  under  certain  conditions  naphthalene,  biphenyl,  benzene  and  toluene  can 
be  successfully  alkylated  by  molecular  compounds  of  alcohols  \.'ith  boron  fluoride.  Here  the  radicals  enter  mainly 
in  the  para-position.  For  example,  the  alkylation  of  biphenyl  gave  the  4-aIkyl-  and  4,4’-dialkylbiphenyls  [12, 

13]:  the  alkylation  of  naphthalene  with  alcohols  gave  1,4-dialkylnaphthalenes  [14,  15];  the  alkylation  of  benzene 
and  toluene  by  molecular  compounds  of  alcohols  with  boron  fluoride  gave  p-dialkylbenzenes  [16,  17], 

In  tliis  paper  we  investigated  tlie  alkylation  of  phenol  with  ethyl,  propyl,  n-butyl,  isobutyl  and  isoamyl 
alcohols  in  the  presence  of  boron  fluoride  under  various  conditions:  at  atmospheric  and  elevated  pressures,  with 
solvent  and  without  solvent,  and  at  different  temperatures.  As  a  result  of  the  study  it  was  found  that  both  the  yields 
and  the  proportions  of  alkylphcnols  to  alkyl  phenyl  ethers  depend  on  the  temperature  and  tlie  solvent.  Nearly  pure 
p- alkylphenols  are  obtained  in  up  to  70— 80 yield,  based  on  phenol,  when  phenol  is  alkylated  by  molecular  com¬ 
pounds  of  alcohols  with  boron  fluoride  (strongly  acidic  substances).  A  mixture  of  alkylphenols  and  alkyl  phenyl 
etliers  in  the  ratio  80—85:  20—25  is  obtained  when  the  alkylation  reactions  are  run  under  pressure.  The  alkyl  phenyl 
ethers  are  easily  isomerized  to  the  p- alkyl  phenols  even  on  distillation.  Tne  ethers  are  isomerized  with  even  greater 
ease  if  their  solution  in  carbon  tetrachloride  is  heated  for  a  short  time  at  130—  140°  and  12—15  atm.  The  experi¬ 
mental  data  obtained  by  us  are  given  in  Table  1  and  plotted  in  the  Figure. 

During  our  study  it  was  found  that  a  part  of  the  phenol  is  converted  to  tar  when  heated  in  an  autoclave  at 
160—170°.  In  order  to  establish  the  optimum  temperature  at  which  both  the  decomposition  of  the  molecular  com¬ 
pound  of  alcohol  with  boron  fluoride  and  the  alkylation  fvoceed  simultaneously,  we  measured  the  temperature  in 
the  reaction  system  (using  a  thermocouple  and  potentiometer)  at  5  minute  intervals.  It  was  found  that  each  alcohol 
has  its  own  maximum  temperature  at  which  intense  decomposition  begins,  accompanied  by  the  evolution  of  heat. 
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nie  process  of  decomposition  and  alkylation  takes  place  in  a  very  short  poricv.l  of  tirre,  which  can  he  seen  from 
the  curves  given  for  the  different  alcohols.  'Somewhat  imeApccr.'d  is  the  process  for  the  decomposition  of  tlie  propyl 
alcohols,  especially  isopropyl  alcohol,  for  which  a  peak  in  the  ranee  60—70°  is  characteristic.  All  of  the  other 
alcohols  give  jumps  in  the  range  110— 1. 3.5°.  All  of  the  subsequent  condensations  were  carried  out  on  the  basis  of  the 
obtained  data. 


EX  PERIMENTAL 

The  molecular  compounds  were  prepared  by  saturating  the  dried  and  distilled  alcoliols  with  boron  fluoride 
under  ice  cooling.  Tlic  obtained  molecular  compounds,  corresponding  to  the  formula  'dRCMI  RF^.  were  used  for  alkyl¬ 
ation  without  prior  distillation.  A  three-necked  flask,  fitted  with  a  reflux  condenser  and  mechanical  stirrer,  was 
used  when  the  alkylation  was  run  at  atmospheric  pressure,  and  the  reaction  mass  was  licatcd  in  an  oil  bath.  Tlie 
molecular  compounds  were  added  in  small  portions  from  a  dropping  funnel  to  a  boiling  solution  of  phenol  in  carbon 
tetrachloride.  Tlie  entire  process  of  adding  the  alcohol  and  subsequent  heating  was  terminated  after  6—8  hours.  A 
1-liter,  electrically  heated,  rotated  autoclave  was  used  when  the  reaction  was  run  under  pressure.  The  temperature 
was  raised  gradually  to  the  optimum,  which  required  1-  1.5  hr.  The.  licatins  was  stopped  just  as  soon  as  the  mole¬ 
cular  compound  began  to  decompose  with  intensity  ( from  the  potentiometer  and  manometer  readings),  but  tlie  mix¬ 
ing  was  maintained  until  the  temperature  had  dropped  to  60—70".  After  cooling,  the  reaction  mass  was  poured  out 
of  the  autoclave,  where,  as  a  rule,  a  green  crystalline  ma's  rcm.iined  on  the  bottom.  The  oily  product  was  separated 
from  the  highly  acid  bottom  layer,  followed  by  washing  with  srdium  carbonate  solution  until  neutral.  Then  the 
alkylate  was  treated  with  1.5  volumes  of  lO^y'^NaOlI  solution  aticl  allowed  to  stand  for  lo-  v.2  hours.  Tl'.c  liqi'.id  se¬ 
parated  into  two  layers:  the  upper  layer  represented  tire  pilienolatcs  of  the  alkylation  products,  while  the  lower  layer 
was  a  solution  of  the  etliers  in  carbon  tetrachloride.  If  the  reaction  was  run  without  solvent,  then  to  separate  the 
phenols  from  the  nonphenols  the  mixture  was  diluted  with  either  bc^^ene  or  carbon  tetrachloride,  and  the  phcnolates 
were  decomposed  by  bubbling  in  carbon  dioxide.  Tlie  phenols  and  nonphenols  were  distilled  separately,  first  from 
a  flask  fitted  with  a  Vigreux  column,  and  then  through  a  vacuum  column  with  an  efficiency  of  50  theoretical  plates. 

As  can  be  seen  from  the  data  in  Table  1,  the  best 
results  were  obtained  when  the  alkylation  was  run  under 
pressure  in  carbon  tetrachloride  solution.  In  nitrobenzene 
the  reaction  goes  with  smaller  yields,  witli  the  formation 
of  tars;  here  the  nitrobenzene  is  partially  alkylated.  Nearly 
pure  p-alkylphenols  are  formed  under  the  indicated  condi¬ 
tions.  whereas  tlic  ortho-isomers  are  formed  in  very  small 
amounts  (2—57'’).  Dialkylphcnols  arc  not  formed  when  a 
solvent  is  used,  whereas  in  its  absence  they  are  obtained 
in  a  yield  of  15— 20%  on  the  total  amount  of  alkylphenols 
formed.  Tlie  properties  of  the  obtained  compounds  are 
listed  in  Table  2. 

SUMMARY 

1.  The  alkylation  of  phenol  by  molecular  com¬ 
pounds  of  alcohols  witli  boron  fluoride  gave  mainly  p- 
alkylphenols,  the  yields  of  which  reach  76—80%. 

2.  The  alkylation  of  phenol  with  isobutyl  and  iso¬ 
amyl  alcohols  gave  p-alkylphenols  with  tertiary  radicals.  p-Isopropylphenol  was  obtained  when  the  alkylation  with 
n-propyl  and  isopropyl  alcohols  was  run  under  pressure. 

3.  The  alkyl  phenyl  ethers  are  completely  isomerized  to  p-alkylphenols  when  their  solution  in  carbon  tetra¬ 
chloride  is  heated  at  140—  150“  under  a  pressure  of  12—  15  atm. 
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Alkylation  of  phenols  by  olefins  in  presence  of  various  catalysts  including  boron  fluoride  [1]  has  been  studied 
fairly  extensively.  On  the  other  hand  the  aralkylation  of  phenols  by  arylolefins  has  not  been  auequately  studied  in 
spite  of  the  definite  practical  importance  of  the  products  of  this  reaction. 

We  have  studied  the  reaction  of  phenol  with  styrene  and  a- methylstyrene  in  presence  of  catalysts— boron 
fluoride  etherate  and  boron  fluoride  +  75*7'’ orthophosphor ic  acid.  Styrene  and  a-m.ethylstyrene  are  found  to  react 
with  phenol  in  presence  of  these  catalysts  to  form  aralkylphenols.  Styrene  gives  a  mixture  of  mono-  and  diaryl- 
alkylphenols  with  a  total  yield,  depending  on  the  conditions,  of  32-30‘7<’;  a- methylstyrene  gives  p-hydroxydiphenyl- 
dimctbylmethane  in  a  yield  of  up  to  60*7(3  together  with  a  small  quantity  of  resinous  products  from  which  specific 
compounds  could  not  be  isolated.  Aralkylation  in  both  cases  is  accompanied  by  polymerization  of  the  arylolefins. 
Tliis  occurs  with  especial  facility  in  the  case  of  styrene,  so  that  under  certain  conditions  polymerization  is  the 
main  reaction.  For  example,  reaction  of  phenol  with  styrene  in  presence  of  boron  fluoride  etherate  in  molar  ratios 
of  1  : 1  : 0.04  at  room  temperature  for  24  days  gives  hydroxydiphenylmethymethane  in  a  yield  of  IS^o.  together  with 
polystyrene  in  a  yield  of  61*7(’( calculated  on  the  styTene).  With  the  same  molar  ratios  but  in  presence  of  boron 
fluoride  +  757(' orthophosphoric  acid  at  18-22*  for  12  days  the  yields  of  hydroxydiphenylmcthylmethanes  are  4% 
a- Methylstyrene  is  less  susceptible  to  polymerization;  apart  from  giving  resinous  polymers,  it  partly  dimerizes  to 
the  crystalline  1,1 ,3-irimethyl-3-phenylindane  which  distils  with  the  p-hydroxydiphenyldimethylmethane.  The 
most  favorable  conditions  for  production  of  hydroxydiphenylmethylmethane  (yield  46*7'')  are  a  phenol,  styrene, 
boron  fluoride  etherate  molar  ratio  of  2 :  1 ;  0.06,  a  temperature  of  95-97*  and  a  reaction  period  of  2  hr.  p-Hydroxy- 
diphenyldimethylmethane  is  obtained  in  the  best  yield  (60‘7>')  by  reaction  of  phenol  with  a-methylstyrene  in  pres¬ 
ence  of  boron  fluoride  etherate  (molar  ratio  of  3;  1 :  0.15)  at  80-83*  for  9  hr.  The  reaction  can  be  represented  by 
the  following  general  equation: 


\_/ 


(R  =  H  or  CH,). 


110- 


./  *;■  v_/ 

Clh 


EXPERIMENTAL 

Freshly  distilled  commercial  styrene  was  used  (b.p.  53*  at  18  mm,  dj*  0.9030).  a- Methylstyrene  was  isolated 
from  the  methylstyrene  fraction  of  secondary  products  of  phenol— acetone  production  by  numerous  vacuum  distilla¬ 
tions.  It  was  thereby  obtained  in  99*70  purity  (b.p.  40-45*  at  5  mm,  d4°  0.9018,  n^  1.5330). 

Reaction  of  phenol  with  styrene.  Into  a  100  ml  flask  were  charged  10.4  g  of  styrene  and  the  appropriate  weight 
of  phenol.  The  mixture  was'cooled  to  -5*  and  the  calculated  amount  of  boron  fluoride  etherate  added  with  vigorous 
shaking.  The  flask  was  then  closed,  and  stood  for  1-2  lir  in  a  freezing  mixture  or  for  a  given  time  at  room  tempera- 
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tnre  or  heated  on  a  boiling  water  bath  The  reaction  products  were  treated  with  sodium  hydroxide  solution, 
the  insoluble  styrene  polymers  were  separated,  and  the  phenolic  compounds  recovered  from  the  alkaline  solution 
by  treatment  with  5- 107'' hydrochloric  acid.  The  phenols  were  then  dried  and  distilled.  Unreacted  phenol  first 
came  over,  followed  by  reaction  products  in  the  form  of  two  fractions.  A  considerable  quantity  of  resin  remained 
in  the  flask  and  broke  down  when  heated  above  200-280°  (7-15  inm).  Typical  experiments  are  detailed  in  Table 
1. 


TABLE  1  .  Aralkylation  of  Phenol  by  Styrene 


Phenol,  st)Tene,  boron 
fluoride  etherate 

molar  ratio 

Reaction  temperature 

Duration 

(hr) 

Obtained 

Hydroxydiphenyl-  I 
methylmethane  I 
fraction  (7)  | 

Products  boiling 
above  200*  at 
12-16  mm  (in  g) 

Resins 

(in  g) 

1  :  1  : 0.04 

18-22 

24  days 

17.7 

3.3 

4.0 

1 :  1 :0.04 

95-97 

2 

22.2 

1.9 

4.1 

1:  1  :0.04 

95-97 

8 

29.8 

3.9 

4.8 

2:  1 :  0.06 

18-22 

24 

35.3 

2.1 

2.9 

2:  1:  0.06 

95-97 

2 

46.0 

4.4 

2.6 

2:  1:  0.06 

95-97 

8 

32.8 

4.2 

4.6 

In  the  presence  of  boron  fluoride  +  757o  orthophosphoric  acid  the  main  reaction  was  polymerization  of  styrene. 
Results  arc  therefore  omitted. 

p-Uydroxydiphcnylmethylmetliane  consisted  of  a  colorless  liquid  after  two  distillations  of  the  hydroxydiphenyl- 
methane  fraction. 

B.p.  182-105°  (7-8  mm),  d,,^  1.0870,  n^^  1.5942,  MRp  61.86;  Calc.  61.17. 

Found  ho;  C  84.78,  84.40;  H  7.32,7.19.  M  202.0.  C,4H,40.  Calculated  7o;  C  84.80;  H  7.12.  M  198.0. 

p-llydroxydiphcnylmcthylmcthane  benzoate;  obtained  by  mixing  hydroxydiphenylmethylmcthane,  dissolved 
in  207'' sodium  hydroxide,  with  benzoyl  chloride;  colorless  crystals  with  m.p.  79-81°.  The  literature  [2]  gives  m.p. 

83°. 

Found  '7'':  C  83.10,  83.01;  H  6.14,  6.26.  CziHigOj.  Calculated  7^:  C  83.41;  H  6.00. 

From  the  products  boiling  above  200°  (12-16  mm)  was  isolated  a  compound  which  was  assumed  to  be  di(a- 
phcnylcthyl)  phenol  with  b.p.  234-240°  (10  mm), d^*^  1.0830,  nj^  1.6000, MR  95.48;  calcd.  94.52. 

Found:  M  294.8.  C22H22O.  Calculated:  M  302.3 

Reaction  of  phenol  with  ct- methylstyrene.  In  a  three-necked  flask,  fitted  with  stirrer,  thermometer  and  drop¬ 
ping  funnel,  were  mixed  29.5  g  of  a- methylstyrene  and  the  calculated  quantity  of  phenol.  The  mixture  was  stirred 
and  at  the  predetermined  temperature  boron  fluoride  ethcrate  was  added  dropwise.  After  the  reaction,  the  mixture 
was  treated  with  two  portions  of  water  (100  ml  each),  dried  with  sodium  sulfate  and  distilled.  Unreacted  phenol  and 
a- methylstyrene  came  over  up  to  72°  (15  mm),  and  these  were  followed  by  p-hydroxydiphenyldimethylmethane 
together  with  a  little  l,l,3-trimethyl-3-phenylindane.  Typical  experiments  are  set  forth  in  Table  2. 

p-Hydroxydiphenyldimcthylmethanc:  in  the  freshly  distilled  form  a  colorless  liquid  with  b.p.  152-153*  (4  mm); 
readily  crystallizes  on  standing  to  give  white  needles  with  m.p.  72*  (from  ligroine).  The  stmeture  was  verified  by 
conversion  into  the  previously  known  p-( ct, a-dimethylbenzyl)  phenoxyacetic  acid  with  m.p.  115°  (from  hot  water). 

It  was  purified  from  a-methylstyrene  dimer  via  the  alkali -soluble  sodium  salt  or  by  recrystallization  from  ligroine. 

1,1, 3- Trimethyl- 3- phenylindane:  stout,  colorless  crystals  (when  slowly  crystallized)  with  m.p.  51-52*  (from 
alcohol).  A  mixture  with  the  dimer  obtained  from  oc- methylstyrene  in  presence  of  sulfuric  acid  did  not  show  a 
depressed  melting  point.  It  was  isolated  from  the  mother  liquor,  after  recrystallization  of  p-hydroxydlphenyldi- 
metliylmethane,  as  indicated  above. 

SUMMARY 

The  aralkylation  of  phenol  by  styrene  and  a-mcthylstyTene  was  studied  In  presence  of  boron  fluoride  etherate. 
and  a  polymerizing  effect  of  the  catalyst  was  observed,  especially  in  the  case  of  styrene. 
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p-HydroxydiphcnyliT-'o^'iylir.'t.hnric .  p-'iiydro;>ydip!;c:.yld:ir,othy u;:.'thaiic  arJ  t!]c  dimer  of  o-moUiyl'tyrcnL- 
-1,1, ■ !- II inic thy  1  -  d- phon y  1  i rd a r.e  v.  c  re  isola : ed . 


TABLE  2.  AraUrylation  of  Phenol  hy  a -Methylstyrene 


Phenol,  ot- methyl 
styrene,  boron 
fluoride  ctheratc 

molar  ratio 

Reaction  temperature 

Duration 

(hr) 

Obtained 

p-!lydro.\ydi- 
phenyldimethyl- 
methane  (‘Vi 

1, 1,3-Trimethyl- 
-3-phcnylindane 
( in  ‘V’  of  the 
;mcthylstyrene) 

Resins 
(in  g) 

! 

1:1:0.03 

58- CO 

C 

3.9 

- 

10.0 

1:1:0.07 

18-20 

.’4 

32.2 

- 

7.0 

1:1:0.07 

58 -CO 

■) 

.3:1.9 

- 

10.4 

1:1:0.07 

58  —  60 

r. 

36.0 

- 

7.0 

2:1:0,07 

■58-60 

c 

44.5 

- 

6.2 

3:1:0.07 

58-60 

6 

.53.6 

1,8 

3.0 

3:1:0.15 

C 

57.0 

2.4 

5.6 

3:1:0.15 

8(1— 

6 

59.5 

2.4 

6.9 

4;1;0.1.5 

80- ^;i 

{» 

56.4 

3.2 

5.1 
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in  the  present  work  wc  investigated  the  possibility  of  aminomethylation  of  2-methylfuran  by  the  Mannich 
reaction  with  the  help  of  d  ,0’-dichlorodiethylamine. 

Wc  know  from  the  work  of  Holdren  and  Hixon  [1]  that  formaldehyde  and  amine  hydrochlorides  aminomethyl- 
atc  the  furan  ring  in  the  5  position  but  the  yields  of  products  vary  considerably.  Gill  and  Ing  [2]  recently  used  di- 
mcthylamine  hytirochloridc  and  attained  high  yields  of  products  of  aminomethylation  of  2-methylfuran,  furfuryl 
alcoliol  and  diriietityliurfurylainine. 

We  established  tliat  the  aminomethylation  of  2-methylfuran  by  0 ,5*-dichlorodiethylamine  proceeds  with 
facility  and  leads  to  a  high  yield  of  the  hydrochloride  of  di(  0-chloroethyl)-2-(5-methylfurfuryl)amine  (I).  We  also 
obtained  the  same  compound  by  another  route:  action  of  ethylene  oxide  on  5-methyl-2-furfurylamine  [formed  on 
reduction  of  the  oxime  of  5-mcthylfurfural  together  with  di-(5-methylfurfuryl-2)-amine]  led  to  di(B-hydroxyethyl) 
-2-(5-methylfurfuryl)  amine  (II),  which  on  treatment  with  thionyl  chloride  gave  the  dichlixide  (I). 


(,IH- 


CH,o 


\o/ 


HN(CH,CH,CI),  •  HCI 


CUn- 


SOCl, 


3-^^^^-cii2N(CM2CH2C!)2  •  MCI  CH3-\^/-cn2N(cn2CH2on) 


(I) 


(11) 


Na,S 


CII.T- 


\o/- 


/ - \ 

-CHaN  S 

\ _ / 


C"3-\q/-^'"2NII2 


The  structure  of  dichloride  (I)  was  also  confirmed  by  its  conversion  to  N-(5-methylfurfuryl-2-)-thiomorpho- 
line  with  the  help  of  sodium  sulfide. 

In  one  of  the  previous  papers  [3]  we  reported  that  treatment  of  Ji-{6-hydroxyethyl)-2-furfurylamine  with 
thionyl  chloride  and  then  with  sodium  sulfide  gave  N-(2-furfuryl)  thiomorpholine  without  previous  isolation  of  the 
di-(0-chloroethyl)-2-furfurylamine.  In  the  present  work  we  showed  tliat  the  latter  compound  is  also  obtained  by 
this  route  in  a  yield  of  90*70. 


•Communication  IV:  Doklady  Akad.  Nauk  SSSR  1^,  806  (1959). 
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SOCl 


^0/ 


-CM2N(CII,(:il20II).. 


-cnA(<:ii2r.ii.:Ci)2-  nc 


Continuing  our  study  of  the  action  of  thionyl  chloride  on  other  hydroxyalkylaminomethylfurans,  we  found 
that  N-( B-hydroxyetliyl)  difurfnrylaminc  is  easily  converted  into  the  hydrochloride  of  N-(B-chloroethyl)  difurfuryl- 
amlne  (the  furan  analog  of  the  adrenaline  antagonistic— dibenzamine  [4]). 

We  treated  N-(B-hydroxyethyl)  fnrfurylamine  with  thionyl  chloride  and  obtained  the  dihydrochloride  of  di- 
[8-(2-furfurylamino)ethyl]  sulfite; 

2ir‘i 

'1  j-CIIsNUCMaCHaOIl 
^0/ 


— CHzNllClloCHaO 


'Cn  -  9IUM 


EXPGRIMEN’TAL 

Hydrochloride  of  di-(8 -chloroethyl)-2-fnrfurylaminc  (T).  To  18.5  g(P.  i  mole)  of  Ji-( B -hydro.\ycthyl)-2- 
-furfurylamine  [1]  in  50  ml  of*  anhydrous  chloroform,  in  a  flask  fitted  with  dropping  funnel  and  reflux  condenser 
capped  by  a  calcium  chloride  tube,  was  added  15.0  ml  (0.22  mole)  of  freshly  distilled  thionyl  chloride  in  20  ml 
of  chloroform  dropwise  in  the  course  of  an  hour.  The  mixture  was  then  heated  for  1.5  hr  on  a  water  bath  at  50“  and 
stood  overnight.  After  the  solvent  had  been  taken  off  in  vacuo  at  30“,  addition  was  made  of  50  ml  of  chloroform; 
this  was  then  distilled  off  and  50  ml  of  benzene  was  run  in.  When  the  benzene  was  distilled  off  in  vacuo,  the  residue 
crystallized  completely.  The  crystals  were  washed  with  cold  benzene.  Yield  23.2  gfOO*)’’);  m.p.  87-87.5“  (from 
absolute  alcohol). 

Found  C  42.17,  41.94;  H  5.46.  5.46;  N  5.45.  5.38;  C141.18.  41.10.  CgHi^NClg.  Calculated  C  41.80; 

H  5.46;  N  5.42;  Cl  41.13. 

Hydrochloride  of  N-(B-chlorocthyl)difurfurylamine.  Prepared  as  described  above  from  36  g  of  (0.16  mole) 
of  N-(B-hydroxyethyl)  difurfurylamine  [1]  in  50  ml  of  chloroform  and  14  ml  (0.19  mole)  of  thionyl  chloride  in 
20  ml  of  chloroform.  Yield  32  g(84‘y");  m.p.  116- 117’ (from  chloroform). 

Found  *70:  N  4.96.  5.09;  Cl  25.87,  25.93.  C,2H,502NCl2.  Calculated  N  5.07;  Cl  25.68. 

Dihydrochloride  of  di-[fl-(2-furfurylamino)ethyn  sulfite.  Prepared  by  addition  in  15  min  of  a  solution  of 
thionyl  chloride  in  10  ml  of  chloroform  to  an  icc-coolcd  solution  of  7.5  g  (0.05  mole)  of  3-hydroxyethylfurfuryl- 
amine  in  20  ml  of  chloroform.  Yield  8  g(80‘7o);  m.p.  126-126.5“  (from  absolute  alcohol). 

Found  °]o-.  C  41.97.  41.87;  H  5.72.  5.67;  Cl  17.83,  17.69.  C14H22O5N2CI2S.  Calculated  ‘7’;  c  41.90;  H  5.53; 

Cl  17.67. 

Hydrochloride  of  di-(B-chloroethyl)-2-(5-methylfurfuryl)amine  (I)  (method  A).  Dropwise  addition  of  15  g 
(0.18  mole)  of  2-methylfuran  was  made  to  a  mixture  of  25  g(0.14  mole)  of  di-(3-chloroethylamine)  hydrochloride 
[5]  and  14  ml  of  30%  formaldehyde  at  15“  in  a  foiir-necked  flask  equipped  with  stirrer,  reflux  condenser,  dropping 
funnel  and  thermometer.  The  mixture  was  stirred  for  an  hour.  After  distillation  of  the  water  and  excess  of  2-methyl¬ 
furan  in  vacuo,  the  residue  crystallized  completely.  Yield  34  g(93%);  m.p.  121-122“  (from  alcohol  and  then  from 
chloroform- ether). 

Found  %;  N  5.26,  5.43;  Cl  38.83,  38.91,  CjoHigONCla.  Calculated  %;  N  5.14;  Cl  39.02. 

N-( 5-Methylfurfuryl- 2)thiomorpholine- 1,4.  A  mixture  of  27.2  g  (0.1  mole)  of  hydrochloride  (1)  and  96  g 
(0.4  mole)  of  crystalline  sodium  sulfide  in  150  ml  of  alcohol  was  refluxed  for  5  hr.  The  alcoholic  solution  was  sep¬ 
arated  and  the  alcohol  distilled  off  in  vacuo;  the  residue  was  thrice  extracted  with  ligroine.  Distillation  of  the 
solvent  followed  by  distillation  of  the  residue  in  vacuo  gave  7.6  g  (38%). 
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B.p.  n5-n6“.  (2mm).  1.5402.  d4^  1.1080,  MRp  55.80.  CioHjsONSpj.  Calculated  56.70. 

Found  7o:  C  60.97,  61.20;  H  7. GO,  7.61;  S  16.28,  16.31.  CjoHisONS.  Calculated  7'’:  C60.88;  H  7.81;  S  16.25. 

Picrate:  m.p.  162“  (from  alcohol). 

Found  T’:  C  45.26,  45.46;  fl  4.42,  4.42;  S  7.26,  7.55.  CigHi80gN48.  Calculated  7':  C  45.07;  H  4.25;  S  7.52. 

5-h*ethylfurfiirylamine.  From  87  g(0.8  mole)  of  5-mclhylfurfural,  64  g(0.93  mole)  of  hydroxylamlne 
hydrochloride  and  124  g(0.'.»  mole)  of  so^iium  acetate  was  obtained  80  g  of  the  oxime  of  5-methylfurfural;  m.p. 
114”.  Literature  [6.  7];  m.p.  112-113“,  110-112*. 

Reduction  of  the  oxime  of  5-methylfurfural  (50  g  or  0.4  mole)  was  effected  with  zinc  dust  (143  g)  and  acetic 
acid  (285  ml).  The  following  products  were  obtained:  a)  16  g(407)  of  5-methylfurfurylamine: 

B.p.  55“  (7  mm),  nj^^  1.4830,  d4^'’  0.9986,  MR^^  31.78.  CgHjONpj.  Calculated  31.84. 

Found  7o:  C  64.85,  64.60;  H  8.4-4,  8.45.  CgHpON.  Calculated  7o:  C  64.84;  H  8.16. 

b)  Di-(5-methylfurfuryl)amine;  yield  2  g. 

B.p.  112*  (2  mm),  1.5136,  d4“  1.0631,  MRp)  58.09.  CigHigONpj.  Calculated  58.23. 

Found  7o:  N  7.06,  7.10.  CizHigOzN.  Calculated  7o:  N  6.82. 

Di-(  fl-hydroxyethyl)-2-(5-methylfurfuryl)amine  (II).  A  uniform  stream  of  ethylene  oxide  (11.9  g  or  0.27 
mole)  was  passed  tlirough  a  gas- leading  tube  into  a  large  test  tube  (al.so  fitted  with  a  reflux  condenser)  containing 
15  g  (0.135  mole)  of  5-mcthylfurfurylamine,  2  ml  of  alcohol,  and  a  few  drops  of  water.  Vacuum  distillation  of 
the  reaction  prcxlucts  gave:  a)  1.8  g  of  unchanged  amine;  b)  4.8  g  (267'’ calculated  on  the  reacted  amine)  ofN- 
-(B-hydroxyctliyl)- 5-methylfurfurylamine; 

B.p.  138*  (9  mm),  n^^^  1.4965,  d4^  1.0890;  literature  data  [2]:  b.p.  120*  (8  mm),  np”  1.4955,  d4^  1.0893. 

c)  11.7  g  (497"  calculated  on  the  reacted  amine)  of  di-(3-hydroxycthyl)-2-(5-methyFurfuryl)amine: 

B.p.  14-4*  (2  mm),  nj^^  1.5063,  d4^  1.1143,  MR^  53.16.  C10H17O3NF2.  Calculated  53.88. 

Found  7o:  C  60.48,  60.56;  H  8.49,  8.49.  CioHjTOaN.  Calculated  7'’:  C  60.30;  H  8.60. 

Picrate:  m.p.  128“  (from  alcohol). 

Found  7o:  N  13.32,  13.49.  C]cH2oO,oN4.  Calculated  7®:  N  13.08. 

Di-(fl-chloroethyl)-2-(5-inethylfurfuryl)amine  hydrochloride  (I)  (method  B).  Dropwise  addition  of  5.2  g(0.07 
mole)  of  thionyl  chloride  in  10  ml  of  chloroform  was  made  in  the  course  of  40  min  to  a  solution  of  6  g  (0.03 mole) 
of  (II)  in  25  ml  of  anhydrous  chloroform  in  a  flask  fitted  with  dropping  funnel  and  reflux  condenser.  The  mixture^ 
was  heated  for  1.5  hr  at  45-50“  and  thereafter  for  another  15  min  after  addition  of  active  carbon.  The  mass  was 
filtered,  the  chloroform  and  excess  thionyl  chloride  were  distilled  off  in  vacuo,  and  50  ml  of  anhydrous  chloroform 
was  added  to  the  residue.  The  chloroform  was  then  distilled  off  in  vacuo,  and  50  ml  of  anhydrous  benzene  was 
added.  The  latter,  too,  was  then  distilled  off  in  vacuo.  Tlie  residue,  crystallized  completely.  Yield  6.7  g(827o); 
m.p.  119*.  Recrystallization  from  benzene  raised  the  m.p.  to  121*.  No  depression  of  m.p.  in  admixture  with  the 
product  obtained  by  method  A. 

SUMMARY 

The  hydrochloride  of  di-(6-chlorocthyll-2-(5-mcthylfurfuryl)amine  can  be  obtained  in  good  yield  by  the 
action  of  ethylene  oxide  and  thionyl  chloride  on  5-methylfurfurylaminc,  as  well  as  by  aminomethylation  of  2- 
methylfuran  by  formaldehyde  aiid  6  ,6’-dichlorodiet.iiylamine  hydrochloride.  The  hydrochlorides  of  di-(S-chloro- 
ethyl)furfurylamine  and  6-(chloroethyl)difurfurylamine  were  prepared,  also  in  high  yield,  by  the  action  of  thionyl 
chloride  on  the  corresponding  diols. 
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In  one  of  the  previous  papers  in  this  series  [1]  it  was  shown  that  interaction  of  2,5-bis(chloromethyl)furan 
(T)  with  secondary  amines  leads  to  formation  of  2,5-bis(dialkylamino)furans  in  high  yield.  In  the  present  work  we 
studied  the  reactions  of  2,5-bis(chloromethyl)furan  with  alcohols  and  mercapUins  and  obtained  previously  unde- 
scribed  2,5-bis(alkoxyrnethyl)-  and  2,5-bis(alkylmercaptomethyl)furans. 

Replacement  of  the  two  chlorine  atoms  of  (I)  alkoxy  groups  takes  place  with  facility  by  the  action  of  alcohols 
in  presence  of  caustic  alkali;  the  yield  of  the  corresponding  ethers— 2, 5-bis(alkoxymethyl)furans— 60-70*70. 

ClCHa-^^'^-CHaCl  R0Cn2-;^^-CH20R 

(I)  (II) 

R  =  CHg,  CjIIi,  n  “CiHj,  n  -CiHu. 

The  yield  of  ethers  is  raised  to  74-82*7°  if  sodium  alkoxides  are  used  in  place  of  the  corresponding  alcohols. 
We  also  prepared  2,5-bis(methoxymethyl)furan  by  methylation  of  2,5-bis(hydroxymethyl)furan  which  was  obtained 
by  alcoholysis  of  2,5-bis(acetoxymcthyl)furan.  The  latter  was  synthesized  by  reaction  of  2,5-bis(chloromethyl)furan 
with  sodium  acetate. 


(I) 


CH.COONa^  Cn3COOClf2-/  \-ClI2OCOClI3 
CHjCOOH  ^  ^0-^ 


Na 


^-CH20H 

\q/  2CHJ 


CH3OCII2-/  ^-CH20CH3 


Reaction  of  2,5-bis(chloromethyl)furan  with  thiourea  and  subsequent  decomposition  of  the  resulting  bis-iso- 
thiuronium  salt  gave  2,5-bis(mercaptomethyl)furan.  The  latter  was  also  identified  in  the  form  of  the  bis-phenyl- 
thiourethane. 

The  great  mobility  of  tne  chlorine  in  2,5-bis(chloromethyl)furan  becomes  particularly  manifest  when  it  re¬ 
acts  with  sodium  mercaptides.  The  corresponding  2,5-bi^alk>Tnercaptomethyl)furans  (IV)  are  formed  in  a  yield 
of  72-89*7°;  the  yield  of  2,5-biaf  phenylmercaptomethyl)furan  is  607°. 


2185 


(1) 

■  Xq/  ■  “)  N.»OH  '  ' 


-  IISCII.-^  >"-ClI.SH 
^0' 


(111)  (IV) 

u=n-c,H,.  iso-c.H,,  iso-Cjii,i.  n -c,h,„  qh^ch,, 

/- 


(C.HaO-CH,, 


\ - ' 


N-CH.CH,,  CtHj. 


The  first  two  representatives  of  the  bis-sulfides  (R=C3H7,  iso-C4H9)  give  crystalline  complexes  with  mercuric 
chloride;  the  others  form  oils.  The  mercuric  chloride  comnlexes  do  not  melt  sharply  and  at  above  120®  (in  a  sealed 
capillary)  they  blacken  and  decompose.  '2,5-Bis(benzylmercaptomethyl)furan  and  2,5-bis(furfurylmercaptomethyl)- 
furan  were  also  prepared  by  interaction  of  the  bis-sodium  derivative  of  2,5-bis(mercaptomethyl)furan  (HI)  with 
benzyl  chloride  and  furfuryl  chloride  respectively. 

EXPERIMENTAL 


1.  Synthesis  of  2 , 5- Bis(  a  Iko  x  y  me  thy  1)  fu  ra  n  s  (II) 

A.  A  three-necked,  round-bottomed  flask,  fitted  with  reflux  condenser,  dropping  funnel  and  stirrer,  was 
charged  with  100  ml  of  anhydrous  alkanol  and  4.5  g  (0.08  mole)  of  finely  pulverized  potassium  hydroxide;  drop- 
wise  addition  was  made  in  the  course  of  15  min,  with  vigorous  stirring,  of  a  solution  of  3.3  g  (0.02  mole)  of  2,5- 
bis(chloromethyl)furan  in  10  ml  of  the  same  alkanol;  the  mass  was  sti’red  for  4-5  hr  at  20®  and  for  2  hr  at  60-70®. 
The  mixture  was  cooled,  the  precipitate  filtered  off,  the  alkanol  distilled  off  in  vacuo,  and  the  liquid  residue  twice 
washed  with  water.  The  aqueous  solution  was  repeatedly  extracted  with  ether;  the  ethereal  extracts  were  combined 
with  the  organic  layer  and  dried  with  magnesium  sulfate.  After  the  ether  had  been  taken  off,  the  residue  was  distil¬ 
led  in  vacuo  over  sodium. 


B.  Into  a  three-necked  flask,  containing  a  solution  of  1.84  g  (0.08  g-atom)  of  sodium  in  100  ml  of  anhydrous 
alkanol,  was  introduced  dropwise  a  solution  of  3.3  g(0.02  mole)  of  2,5-bis(chloromethyl)furan  in  10  ml  of  the  same 
alkanol  with  vigorous  stirring  and  cooling.  Stirring  was  then  continued  for  30  min  at  20°  and  for  5-6  hr  on  a  boiling 
water  batli.  Reaction  products  were  isolated  as  described  in  A. 

Constants  and  yields  of  the  prepared  2,5-bi9(alkoxymethyl)furans  are  set  forth  in  the  table. 


Constants  and  Yields  of  2,5-Bis(alkoxymethyl)furans 


Structure 

Yield 

Boiling_poinc 

I<o 

Found  {°io) 

Calculated  C7i. 

of  (II) 

(pressure  in 
mm) 

where 

R.  = 

1 

-s< 

^  -r-l 

E  o 

Go 

c  j  'calcu- 
found  7“  jr 
dated 

C 

H 

c 

H 

Cll:, 

61 

7i 

46 — ■'ll''  (1) 

1.4G60 

40.7*1  i  40.9.5 

(>1.12. 

S.1 4, 

61. .52 

1.1 -i 

; 

61.60 

8.21 

C.H-, 

70 

82 

80-81  (V) 

1.4622 

1.0141 

.50.00  1  .50.18 

65.14, 

8.94, 

65.20 

8.76 

1 

65.32 

9.03 

n 

6.5 

80 

110-111  (2) 

1.4610 

0.96.38 

68.4  4  i  68.65 

69.63, 

9.97, 

69.94 

10.06 

69.66 

9.99 

n-C-lI,, 

70 

78 

13.3- 1.34  (2) 

1.4602 

0.9466 

77.56  j  77.88 

70.89, 

10.64, 

71. .59 

10..52 

71.03 

10.71 

2.5- Bis(acetoxymethyl)furan.  A  three-necked,  round -bottomed  flask,  fitted  with  a  reflux  condenser  and 
stirrer,  was  charged  with  100  ml  of  glacial  acetic  acid,  6.6  g  (0.04  mole)  of  2,5-bis(chloromethyl)futan  and  7.2 

g  (0.088  mole)  of  finely  pulverized  anhydrous  sodium  acetate.  The  mi.xture  was  stirred  for  5  hr  at  60-70°  and  stood 
for  24  lu:  at  20°.  The  precipitate  was  filtered  and  the  acetic  acid  distilled  off  in  vacuo.  The  solid  residue  was 
treated  with  boiling  carbon  tetrachloride,  filtered  and  cooled.  The  crystals  were  suction- filtered  and  dried.  Yield 
6.1  g( 72*71);  m.p.  63- 64°  (from  ligroine). 

Literature  data  [2]:  m.p.  64°. 

2.5- Bis(hydroxymethyl)furan.  To  a  solution  of  0.1  g  (0.004  g-atom)  of  sodium  in  50  ml  of  anhydrous  alcohol 
was  added  4.24  g(0.02  mole)  of  2,5-bis(aceto.xymethyl)furan.  The  mixture  was  vigorously  stirred  for  30  min  and 
stood  at  20°  for  three  days., The  alcohol  was  distilled  off  in  vacuo,  and  the  solid  residue  treated  with  boiling  benzene 
filtered  and  cooled.  Tire  crystals  were  suction-filtered  and  dried.  Yield  2.2  g  (SS'T);  m.p.  79-80’  (from  benzene). 
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Found  C  56.14,  56.31;  H  6.37,  6.39  CgHgOs-  Calculated  C  56.25;  H  6.30. 

Literature  data;  m.p.  75.5-77®  [3];  m.p.SO®  [2]. 

2,5-Bis(mcthoxymctliyl)furan.  To  a  suspension  of  the  bis-sodium  derivative  of  2.5-bis(hydroxymethyl)furan 
[from  0.64  g((i.005  mole)  of  2,5-bis(hydroxymetliyl)fiiran  and  0.23  g(0.01  g-atom)  of  sodium  in  100  m’  of  an¬ 
hydrous  benzene]  was  added  dropwisefin  15  min)  2.84  g(0.02  mole)  of  methyl  iodide  in  10  ml  of  anhydrousben- 
zene.  Tlic  mixture  was  stirred  at  20®  for  4  hr  and  on  a  boiling  water  batli  for  1  hr.  The  precipitate  was  filtered, 
and  the  benzene  solution  was  washed  with  water  and  dried  with  magnesium  sulfate.  The  benzene  was  distilled  in 
vacuo  and  the  residue  distilled  over  sodium.  Yield  0.50  g(64‘7t). 

B.p.  48-49®  (5  mm),  n^^^  1.4658,  d4”  1.0624,  MRp  40.72.  CgHijOaPj.  Calculated  40.95 

2.  Synthesis  of  2,5-Bis(mercaptomethyl)furan 

A  solution  of  5.0  g  (0.03  mole)  of  2,5-bis(chloromcthyl)furan  and  4.5  g  (  0.06  mole)  of  thiourea  in  200  ml 
of  anhydrous  acetone  w'as  boiled  on  a  water  bath  for  4  lir.  The  acetone  was  then  distilled  off  and  to  the  residual  bis- 
isothinronium  salt  was  added  a  solution  of  4.0  g  (  0.09  mole)  of  sodium  hydroxide  in  50  ml  of  water  and  20  ml  of 
benzene.  The  mixture  was  heated  on  a  boiling  water  bath  for  2-3  hr  and  cooled  to  0-5®;  dropwise  addition  was  then 
made  of  10  ml  of  glacial  acetic  acid.  Tlie  benzene  layer  was  separated  and  the  aqueous  Layer  thrice  extracted  with 
benzene.  The  benzene  extracts  were  washed  with  sodium  bicarbonate  and  then  with  water  and  dried  with  magnesium 
sulfate.  Removal  of  the  benzene  in  vacuo  and  distillation  of  the  residue  were  effected  in  a  nitrogen  stream.  Yield 
1.5g(3l7l. 

B.p.  100-102”  (5  mm),  n^^  1.5738,  d4^  1.1946,  MRj^  4-4.24.  CgHgOSjp?.  Calculated  43.80. 

Bis-plicnylthiourethane:  m.p.  167-168®  (from  toluene). 

Found  7'“  C  59.99,  60.15;  H  4. -48,  4.54.  CjoHigOaNzS^.  Calculated  C  60.27;  H  4.55. 

3.  Synthesis  of  2,5-Bis(all<ylmercaptomethyl)furans  (V) 

a)  2.5-Bis( ii-propylmercaptomethyl)furan.  In  the  course  of  25  min  7.6  g  (0.01  mole)  of  n-propylmercaptan 
was  stirred  dropwise  into  a  finely  dispersed  suspension  of  1.84  g  (0.08  g-atom)  of  sodium  in  50  ml  of  anhydrous 
toluene  at  45-50®;  stirring  was  continued  for  4  hr  at  20®.  A  solution  of  6.6  g  (0.04  mole)  of  2,5-bi9(chloromethyr;- 
fnran  in  10  ml  of  toluene  was  then  added  dropwise,  and  the  mixture  heated  for  2-3  hr  on  a  boiling  water  bath. 
Cooling  was  followed  by  addition  of  20  ml  of  water,  the  toluene  layer  was  separated  and  tlie  aqueous  layer  ex¬ 
tracted  with  ether.  The  organic  layer  was  dried  with  magnesium  sulfate  and  the  solvents  distilled  off  in  vacuo. 
Distillation  of  tlie  residue  gave  8.1  g  (837’). 

B.p.  133- 134®  (1  mm),  n^^®  1.5323,  d4”  1.0550,  MRp  71.80.  C12H20OS2F2.  Calculated  72.06. 

Found  S  25.63,  25.67.  C12H20OS2.  Cal6ulated  7®:  S  26.23. 

Mercuric  chloride  complex;  prepared  by  mixing  solutions  of  the  bis-sulfide  and  mercuric  chloride  in  anhydrous 
acetone;  the  precipitate  was  washed  with  anhydrous  acetone  and  ether;  decomp.  p.  120-125®. 

Found  7(’;  Hg  50.66,  50.71.  C,2H2oOS2Cl4Hg2.  Calculated  7o;  Hg  50.95. 

b)  2,5-Bis(  isobutylmercaptomethyl)furan.  From  9  g  (0.1  mole)  of  isobutylmercaptan  and  6.6  g  (0.04  mole) 
of  (I)  was  obtained  8.5  g  (777). 

B.p.  155-156®  (2mm).  n^”  1.5213,  1.0229,  MRp  81.16.  Ci4H240S,p2.  Calculated  81.30. 

Found  7o;  C  61.85,  61.97;  H  8.47,  8.54;  S  23.63,  23.86.  C14H2PS2.  Calculated  70;  C  61.70;  H  8.88;  S  23.54. 

Mercuric  chloride  complex;  decomp.  p.  140—144". 

Found  70;  Hg  48.87,  49.00.  C,4H2pS2Cl4Hg2.  Calculated  7o;  Hg  49.20. 

c)  2.5-Bis(  isoamylmercaptomethyl)furan.  From  10.4  g  (0.1  mole)  of  isoamylmercaptan  and  6.6  g  (0.04  mole) 
of  (I)  was  obtained  9.6  g(807p). 

B.p.  159-160®  (1  mm),  n^*  1.5140,  d^*®  1.0030,  MRp  90.17.  C,6H2iOS,F2.  Calculated  90.54. 

Found  7o;  S  21.16,  21.23.  C^HjgOSj.  Calculated  7o:  S  21.34. 
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d)  ‘2.5-Bi3(  n-nonyimercaptomethyDfiiran.  From  16  g(0,l  mole)  of  n-nonylmercaptan  and  6.6  g  (  0.04  mole) 
of  (I)  was  obtained  14.)  g(H6'y'');  m.p.  36  — 37°  (from  alcohol). 

Found  S  15.25.  15.33.  C24H440S2.  Calculated  $  15.54. 

e)  2.5-Bis(benzylmercaptomethyl)furan.  A  from  12.4  g(0.]  mole)  of  benzylmercaptan  and  6.6  g(0.04  mole) 
of  (I)  was  obtained  1 1.55  g  (857<’);  m.p.  ‘14~45°  (from  ligroine). 

Found  T’:  S  18.45.  18.56.  C^HgoOSj.  Calculated  S  18.83. 

B.  From  0.7  g  (0.0044  mole)  of  2,5-bis(mercaptomethyl)furan,  0.02  g  (0.0088  g-atom)  of  sodium  and  1.1  g 
(0.0088  mole)  of  benzyl  chloride  was  obtained  1  g  (677’);  m.p.  43—  44*  (from  ligroine).  No  depression  in  admix¬ 
ture  with  the  preceding  preparation. 

0  2,5-Bi9(furfurylmercaptomethyl)furan.  A.  From  11.4  g(0.1  mole)  of  furfurylmercaptan  [4]  and  6.6  g(0.04 
mole)  of  (1)  was  obtained  1 1.4  g  (80 -'’);  m.p.  66— 67°  (from  ligroine). 

Found  T’:  S  19.80,  19.90.  CigHigOsSj.  Calculated  ’'h:  S  20.01. 

B)  From  0.5  g  ( 0.003  mole)  of  2,5-bis(  mercaptomeihyl)furan,  0.014  g  (0.006  g-atom)  of  sodium  and  0.7  g 
(0.006  mole)of  furfiiryl  chloride  [5]  was  obtained  0.1  g  (707):  m.p.  65-66'’  (from  ligroine).  No  melting  point  de¬ 
pression  was  observed  in  admixture  with  the  preceding  preparation. 

g)  2,5-Bis(6-piperidylethylmercaptomethyl)furan.  From  14.5  g(0.01  mole)  of  6-piperidylethylmercaptan 
and  6.6  g  (0.04  mole)  of  (I)  was  obtained  1 1.0  g  (72  , o)  of  a  dark  oil. 

The  dihydrochloride  was  obtained  by  passage  of  dry  hydrogen  chloride  into  its  etheral  solution;  no  change 
on  heating  to  300°. 

Found  Tp;  S  14.08,  14.13;  Cl  15.51,  15.60.  CjoHaeONzSjCl,.  Calculated  7o:  S  14.07;  Cl  15.55. 

Dipicrate:  prepared  by  mixing  chloroform  solutions  of  bisaminosulfide  and  picric  acid;  m.p.  142— 143°  (from 
glacial  acetic  acid). 

Found  T’:  S  7.62,  7.63.  C32H420,5N8S2  Calculated  T*;  S  7.62. 

h)  2.5-Bis(phenylmercaptomethyl)fiiran.  From  11  g  (0.1  mole)  of  thiophenol  and  6.6  g  (0.04  mole)of  (I)  was 
obtained  7.5  g  (607’1. 

B.p.  191- 192°  (1.5  mm),  n^^  1.6283,  d4^  1.2015,  MRp  92.32.  Ci8H,60S2Fa.  Calculated  92.57. 

Found  7’:  S  20.75,  20.77.  CjgHieOSj.  Calculated  7o:  S  20.52. 

SUMMARY 

Starting  from  2,5-bis(chloromethyl)furan,  the  following  new  compounds  were  synthesized:  2,5-bis(mercapto- 
methyl)furan,  2,5-bis(alkoxymethyl)furans,  also  2,5-bis(alkylmercaptomethyl)-  and  2,5-bis(arylmercaptomethyl)- 
furans. 
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In  our  preceding  communication  [1]  we  showed  that  nitroselenophene,  obtained  by  Umezawa  [2]  by  nitration 
of  selcnophene  and  described  by  him  as  2-nitrosolenophcne,  is  actually  a  mixture  of  3-nitroselenophene  {10%)  and 
2- nitroselenophene  (30%).  However,  the  formation  during  nitration  of  selenophene  of  a  mixture  of  mononitro  com¬ 
pounds  containing  over  twice  as  much  d-isomcr  as  a-isomer  conflicts  with  the  theoretically  based  conclusions, 
which  are  supported  by  numerous  experimental  facts,  concerning  the  higher  electronic  density  at  a-sites  in  com¬ 
parison  with  6 -sites  in  five-membtred  heterocyclic  compounds  of  an  aromatic  character  —  furan  and  thiophene  as 
well  as  selenophene  (their  isolog).  For  example,  the  nitration  of  furan  [3]  with  fuming  nitric  acid  in  a  medium  of 
acetic  anhydride  leads  exclusively  to  2-nitrofuran:  nitration  of  thiophene  under  similar  conditions  [4,  5]  gives  2- 
-nitroiiiiopliene  together  with  only  3%  oi  3-nitroihiophene. 

In  the  light  of  these  facts  we  must  assume  that  nitration  of  selenophene  gives  predominantly  2-nitroseleno- 
phene,  i.e..the  a-form;  the  subsequent  working-up  of  the  crude  product  with  the  aim  of  separation  of  the  lower 
melting  and  more  soluble  a-form,  involving  numerous  recrystallizations,  results  in  more  of  the  a-form  being  lost 
than  the  6-form  (i.e. , 3-nitroselenophene).  Losses  of  the  a-form  and  accumulation  of  6-form  in  the  crystals  con¬ 
tinue  until  the  two  isomers  start  to  crystallize  out  together  in  the  ratio  indicated  above. 

For  further  proof  of  the  correctness  of  this  conclusion,  we  studied  the  ultraviolet  absorption  spectra  of  the 
individual  nitro  compounds— 2-nitro-and  3-nitroselenophenes  [1],  prepared  by  decarboxylation  of  the  acids,  and 
also  of  the  product  of  nitration  of  selenophene  obtained  by  Umezawa's  method  [2].  The  latter  preparation  was  only 
distilled  with  steam  (for  separation  from  resins)  and  then  totally  distilled  in  vacuo  (after  removal  of  traces  of  un¬ 
changed  selenophene  by  distillation). 

Comparison  of  the  UV  absorption  curves  of  pure  mononitroselenophenes  [1]  and  of  the  product  of  nitration  of 
selenophene  (diagram)  confirmed  our  ideas  and  showed  that  the  latter  is  a  mixture  of  mononitroselenophenes  in 
which  the  a-isomer  indeed  predominates*,  the  content  of  2- nitroselenophene  is  85‘7t’,  while  that  of  3-nitroseleno- 
pene  is  only  IS^o. 


UNO,.  CHjCOOH 
(CHjCO.O 


and 

II  I _ NO™ 


-NO, 


a3o/o 


15% 


The  absorption  curve  of  this  mixture  of  products  of  nitration  of  selenophene  coincides  with  the  absorption 
curve  of  an  artificially  prepared  mixture  of  isomeric  nitroselenophenes  of  the  same  composition. 

We  may  note  that  an  improvement  of  the  technique  of  separation  of  products  of  nitration  of  selenophene 
from  the  reaction  mixture  enabled  us  to  raise  the  yield  of  nitroselenophenes  from  15  to  25%.  A  further  crop  of 
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nitro  prot’iictc  could  he  isolated  hv  ether  CNrnotion  of  the 
acid  rolntion  remaining  after  separation  of  the  organic 
layer.  Attempts  at  further  increase  in  yield,  however,  are 
evidently  complicated  by  the  considerable  resinification 
of  the  substance  during  the  reaction. 

Comparison  of  the  results  of  nitration  of  furan,  thio¬ 
phene  and  selenophene  consequently  shows  that  in  the 
nitration  of  the  unsubstituted  selenophene  nucleus  there  is 
a  more  marked  decrease  in  the  influence  of  the  heteroatom 
directing  an  entering  electrophilic  substituent  into  the  a- 
position  of  the  ring.  The  influence  of  the  heteroatom  de¬ 
clines  in  the  order  furan  >  thiophene  >  selenophene.  As 
pointed  out  previously  [1],  this  is  undoubtedly  associated 
with  the  fall  of  electronegativity  in  transition  from  oxygen 
to  sulfur  and  then  to  selenium,  and  with  the  resulting  increa<:ed 
polarizability  of  these  atoms. 

EXPERIMENTAL 

A  solution  of  4  ml  of  fuming  nitric  acid  (d  1.5)  in 
40  ml  of  glacial  acetic  acid  was  slowly  added  dropwise  with  vigorous  stirring  to  g  (0.07  mole.)  of  selenophene 
in  2fi  ml  of  acetic  anhydride,  the  temperature  of  the  mixture  being  held  at  -4  to  -5°.  The  reaction  mixture  was 
then  stirred  at  this  temperature  for  another  20  min  and  poured  into  300  ml  of  iced  water.  After  the  oily  layer  had 
been  separated,  the  acid  layer  was  extracted  with  ether.  The  mixture  of  ether  extracts  and  oily  layer  was  washed 
with  dilute  sodium  bicarbonate  solution  and  with  water.  .After  the  ether  had  been  distilled  off,  the  residue  was  distil¬ 
led  with  steam,  the  distillate  extracted  with  ether  and  the  ether  extracts  dried  with  sodium  sulfate. 

After  the  etlier  had  been  distilled  off,  the  residue  was  distilled  in  vacuo.  The  whole  mixture  of  a-  and  8- 
nitroselenophenes  came  over  in  the  76—87'’  (5  mm)  range,  the  main  bulk  coming  over  at  76—78“  and  a  smaller 
fraction  at  86—87*  (5  mm) ,  i.e.,two  conspicuous  temperature  plateaus  were  observed. 

There  was  obtained  2.75  g(25?i’)  of  a  mixture  of  mononitroselenophenes  in  the  form  of  a  yellow  oil  permeated 
with  acicular  crystals.  A  sample  was  taken  from  the  melt  for  determination  of  tlie  selenium  content. 

Found  °Io:  Se  44.62,  44.55.C4H302NSe.  Calculated  Se  44.85. 

The  ultraviolet  absorption  spectra  were  obtained  with  a  SF-4  spectrophotometer  with  nonautomatic  record¬ 
ing,  using  quartz  cells  and  a  hydrogen  lamp.  The  solvent  was  methanol  and  the  concentration  (moles  x  1  **)=10  ^ 
The  spectroscopic  samples  were  taken  from  a  melt  of  the  prepared  mixture  of  mononitroselenophenes. 


UV  spectrum  of  product  of 
nitration  of  selenophene  not 
subjected  to  crystallization 
(mixture  of  85^^^  of  2-nitro- 
selenophene  and  IS^f’of  3- 
-  nitroselenophcne) . 


Mixture  of  70*7°  of  3-nitroselenophene 

Mixture  of  85*7’  of  2-nitroseleno 

k 

and  30*70  01  2- nitroselenophcne 

1  phene  and  15*70  of  3-nitroseleno' 

2- Nitro- 

Absorption 

3-Nitroseleno- 

phene 

seleno- 

maximum 

phene 

preparation  obtained  by 

product  of  nitra- 

synthetic 

phene 

Umezawa’s  method  (i.e. 

artificial 

tion  of  seleno- 

mixture 

after  crystallization) 
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mp 

290 

295 

294 

298 

298 

300 

€  a 

6770 

1 

7245 

7262 

7244 

7328 

7480 

SUMMARY 


Nitration  of  selenophene  by  fuming  nitric  acid  in  acetic  anhydride  yields  a  mixture  of  mononitroseleno¬ 
phenes.  When  purified  solely  by  distillation  with  steam  in  vacuo,  this  mixture  contains  85*70  01  2- nitroselenophcne 
and  15*7o  of  3- nitroselenophcne. 

Crystals  isolated  from  the  mixture  (by  cooling),  and  then  recrystallized,  melt  at  45—47“  and  contain  30*70 
of  2- nitroselenophcne  and  70*70  01  3-nitroselenophene.  Tliis  change  is  due  to  losses  of  the  a-isomer  which  "fails 
to  crystallize"  owing  to  its  lower  melting  point  and  greater  solubility. 
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In  preceding  papers  [1,  2]  we  described  the  preparation  of  5-nitro-2-acetoselenophene  (by  reaction  of  5- 
nitroselenophene-2-carboxylic  acid  chloride  with  ethoxymagnesium  malonic  ester)  and  of  4-nitro-2-acetoseleno- 
phene  (by  nitration  of  2-acetoselenophene  with  nitrating  mixture).  The  present  work  is  concerned  with  the  synthe 
sis  of  derivatives  of  these  nitroselenophene  ketones. 

5-Nitro- 2-acetoselenophene  was  made  to  condense  with  various  hydrazine  derivatives  by  the  procedure 
described  previously  for  the  analogous  condensation  of  5-nitroselenophcne-2-aldehyde  [3]. 


||  H  H.NNHCOR  ||  )| 

OjnJ  J-COCII3  OonJ  j-C-CHa 

\Se^  II 

N NUCOR 

R  =  -NHC,H.,  -C,H.N.  -C.H,0.  -CH,CN. 

We  prepared  the  4-phenylsemicarbazone  (96%),  isonicotinoylhydrazone  (60%),  furoylhydrazone  (33.5%)  and 
cyanoacetylhydrazone  (83.5%)  of  5- nitro- 2-acetoselenophene. 

Tlie  slightly  lower  yields  of  hydrazones  of  the  nitroketone  in  comparison  with  those  of  hydrazones  of  5-nitro- 
selenophene- 2-aldehyde  (90-1007^)  is  evidently  due  to  the  lower  reactivity  of  5-nitro-2-acetoselenophene. 

Bromination  of  4-nitro-  and  5-nitro-2-acetoselenophenes  was  effected  with  bromine  in  glacial  acetic  acid 
and  with  dioxane  dibromide. 

Concerning  the  bromination  of  isologs  of  5-nitro-2-acetoselenophene,  we  know  that  5-nitro-2-bromoacetyl- 
furan  (577?)  was  obtained  by  Dann  et  al.  [4]  by  the  action  of  bromine  in  glacial  acetic  acid  on  5-nitro-2-acetylfuran; 
bromination  of  5-nitro-2-acetylfuran  with  dioxane  dibromide  enabled  N.O.  Saldabol  [5]  to  raise  the  yield  of  a- 
bromoketone  to  877>.  By  a  similar  procedure  Carrara  and  Weitnauer  [6]  succeeded  in  obtaining  5-nitro-2-bromo- 
acetothiophene  in  a  yield  of  nearly  lOOT?. 

We  obtained  5-nitro- 2-acetoselenophene  in  73.57?  yield  by  the  action  of  bromine  in  glacial  acetic  acid  on 
5-nitro-2-bromoacetoselenophene  at  80".  However  in  spite  of  the  reaction  being  conducted  in  a  nitrogen  stream, 
the  bromoketone  still  contained  resinous  impurities  and  apparently  some  dibromide. 

Bromination  of  the  nitroketone  with  dioxane  dibromide  at  room  temperatiae  enabled  5-nitro-2-bromoacetO' 
selenophene  to  be  obtained  in  fairly  high  purity  in  807<?  yield. 
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I  II  Dr,  +  CH,COOH  |  | 

O2N— \  3— COCH3  •  “'■*  OoN— \  J— COCHoBr 

An  attempt  to  brominate  4-nitro”2-aceto':elenophene  with  dioxane  dibromide  was  unsuccessful,  the  ketone 
being  recovered  unchanged.  Bromination  was  effected  with  bromine  in  glacial  acetic  acid,  and  pure  4-nitro-2- 
bromoacetoselcnophene  was  obtained  in  85. yield. 


O2N— |i - jj  Br.-f  CH,COOH 

{  j-COCHa 


'•  J-COCHaBr 


It  is  evidently  more  resistant  than  5”nitro-2-bromoacetoselenophene  to  the  action  of  hydrogen  bromide.  The 
hydrogen  atoms  of  the  5-nitro  compound  at  the  a-carbon  atom  are  more  labile. 

We  brought  4-nitro-  and  5-nitro- 2-bromoacetoselenophene  into  reaction  with  hexamethylenetetramine  in 
order  to  obtain  the  corresponding  aminoketones  of  the  sclenophenc  series. 


"1  1  (CH,).N. 

1  1 

HCi 

j  j-COCHzBr 

n'-'  J-COCIl2N,(CHj), 

g|._  C,HsOH 

IV-"  ''-COCH2NIT2  •  HCl 
1)  Il’  =  NO„  R-rrH;  2)  R'  =  H,  R''=NO,. 

In  the  first  step  of  this  synthesis  *.he  complex  of  4-nitro- 2-bromoacetoselenophene  with  hexamethylenetetra¬ 
mine  is  obtained  smoothly  (73?")  by  m.ixing  equimolar  quantities  of  reactants  in  chloroform  and  standing  the  mix¬ 
ture  for  two  days  at  room  temperature.  Tliis  procedure  was  not  altogether  successful  for  preparation  of  the  complex 
of  5-nitro- 2-acctoselenophene  with  hexamethylenetetramine,  the  yield  not  exceeding  387c.  We  then  carried  out 
the  reaction  in  dry  chlorobenzene  at  50',  using  the  procedure  described  for  preparation  of  the  corresponding  com¬ 
plex  of  p-nitro-a-bromoacetophenone  [7],  and  obtained  the  hexamethylenetetramine  complex  of  5-nitro- 2-bromo¬ 
acetoselenophene  in  837"  yield. 

It  is  interesting  to  note  that  Dann  et  al.  [4],  likewise  Belinghi  et  al.  [8],  obtained  the  complex  of  4-nltro-2- 
bromoacetothiophene  with  hexamethylenetetramine  in  a  yield  of  77  and  857o  respectively  by  standing  a  mixture 
of  equimolar  quantities  of  reactants  in  chloroform  at  room  temperature  for  12-14  hr.  Carrara  and  Weitnauer  [6] 
were  only  able  to  obtain  the  complex  of  5-nitro- 2-bromoacetothiophene  with  hexamethylenetetramine  by  heating 
an  equimolar  mixture  of  the  components  in  chlorobenzene. 

The  hexamethylenetetramine- 4-nitro- 2-bromoacetoselenophene  complex  was  smoothly  hydrolyzed  by  treat¬ 
ment  with  a  mixture  of  alcohol  and  concentrated  hydrochloric  acid  (2:1  by  volume)  in  the  cold  for  48  hr  (the  pro¬ 
cedure  described  for  hydrolysis  of  the  hexamethylenetetramine— p-nitro-ct-bromoacetophenone  complex  [7]). 


rOzN- 


-|4- 

GH2)6  Br- 


''-GOCll2N4(CH2)6  Br-  +  I2C2H5OH  -f  3HC1 


0,N- 


Se' 


— COCH2NH2 .  HCl  -}-  NH4Br  -f  2NH4CI  -f  eCHzfOCiHg)* 


Tlie  resulting  hydrochloride  of  the  nitroamlnoketone  is  always  contaminated  with  ammonium  salts.  We  there¬ 
fore  isolated  4-nitro- 2-aminoacetoselenophene  in  the  form  of  its  acetyl  derivative  (737o  calculated  on  the  complex); 
hydrolysis  of  the  acetyl  derivative  gave  the  pure  hydrochloride  of  the  nitroaminoketone,(927c).  An  attempt  to  apply 
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Ulis  procedure  to  the  preparation  of  5-nitro-;.’-aininoacctoseIeuophene  svas  unsuccessful.  Hydrolysis  of  the  hexa¬ 
methylenetetramine- 5-nitro-2-bronioacctoselcnophcne  complex  could  only  he  brought  to  succcssfiil  completion 
If  we  considerably  reduced  tlie  hydrochloric  acid  concentration  in  the  alcohol  (to  1:8  by  volume)  and  distilled  off 
the  resulting  diethylformal.  Three  additions  of  fresh  acid  were  made  and  diethylformal  was  distilled  off  after  each 
addition.  Wc  acetylated  the  resulting  5-nitro-2-aminoacetoselenophene  hydrochloride  and  obtained  .'i-nitro-2- 
acetylaminoacetoselenophene  ( '12^'). 

In  the  unsuccessful  experiments  on  hydrolysis  of  the  hexamethylenetetramine  complex,  condensation  evi¬ 
dently  took  place  between  the  formaldehyde  (formed  in  the  reaction)  and  the  aminoketone  with  formation  of  the 
N-methyleneimine  which  is  cleaved  with  great  difficulty.  A  higher  concentration  of  alcohol  diminished  the  possi¬ 
bility  of  formation  of  5-nitro-2-(N-methyleneimino)  acetoselenophene.  If  under  these  conditions  it  is  nevertheless 
still  formed  to  a  small  extent,  then  the  above-described  repeated  treatment  with  a  mixture  of  alcohol  and  con¬ 
centrated  hydrochloric  acid  should  result  in  its  cleavage. 

The  nitro  group  in  the  5  position  consequently  exerts  a  marked  influence  on  the  reactivity  of  5-nitro-2- 
sclcnophenc  and  its  derivatives  obtained  by  replacement  of  the  hydrogen  of  the  a-carbon  atom  by  bromine  or  an 
amino  group. 

To  account  for  tliis  influence,  wc  may  assume  that  tlic  elecrron-capturing  action  (r<f  the  nitro  group  is  more 
effectively  transmitted  by  the  selenophene  ring  from  the  a’-position  than  from  the  0'-position  due  to  the  ability 
of  tliis  ring  to  behave  like  a  conjugated  system  of  double  bonds. 

EXPERIMENTAL 

1.  Derivatives  of  5-Nitro-2-acetoselenophene 

a)  4-Piienylsemicarbazone  of  5-nitro-2-aceto.selenophene.  A  mixture  of  0.42  g  of  5-nitro-2-acetoseleno- 
phenc  (m.p.  120—  121"  [1])  in  7  ml  of  alcohol  and  0.4  g  of  4-phcnylsemicarbazidc  hydrochloride  in  1.2  ml  of  water 
was  heated  for  15  min.  It  was  then  cooled  and  8  ml  of  water  was  added.  Yield  0.61  g  (95.57'’);  m.p.  258—254* 
(decomp.,  from  alcohol);  yellow  crystals. 

Found  7<-:  C  44.28,  44.33;  H  3.06,  .3.04;  Se  22.40,  33.28.  C,3H,203N4Se.  Calculated  7<’:  C  44.44;  H  3.41; 

Se  22.51. 

^  Isonicotinoylhydrazone  of  5-nitro-2-acetoselcnopjicnc.  After  0.  12  g  of  nitroketonc  and  0.27  g  of  isonico- 
tinoylhydrazide  in  12  ml  of  alcohol  had  been  boiled  for  5  hr,  the  mass  wa«  cooled  and  7  ml  of  water  was  added. 

The  mixture  was  stood  for  3  hr.  The  precipitate  was  washed  with  water  and  ether.  After  evaporation  of  the  ether, 

0.15  g  of  unchanged  ketone  was  recovered.  Yield  0.4  g  (approx.  1007'’  calculated  on  the  nitroketonc  used);  m.p. 

257— 258*  (dccomp.,  from  alcohol);  yellow  crystals. 

Found  7o:  C  42.59,  42.53;  11  3.01,  2.82;  Se  23.21,  23.24.  C,2H,o03N4Se.  Calculated  7o:  C  42.73;  H  2.96; 

Se  23.44. 

c)  Cyanoacetylhydrazone  of  5-nitro- 2- acetoselenophene.  To  0.2  g  of  cyanoacetic  acid  hydrazide  in  5.6  ml 
of  alcohol,  acidified  with  1  ml  of  concentrated  hydrochloric  acid,  was  added  dropwise  with  stirring  0.42  g  of  the 
nitroketonc  in  7  ml  of  alcohol;  the  mass  was  then  stood  for  12  hr  at  20*  and  11  ml  of  water  was  added.  The  precipit¬ 
ate  was  washed  with  water  and  ether.  Yield  0.5  g  (83.57'');  m.p.  258—259*  (decomp.,  from  alcohol);  yellow  crystals. 

Found  7o:  C  35.77,  35.86;  H  2.55,  2.45;  Se  26.29,  26.25.  CoHj03N4Se.  Calculated  C  36.14;  H  2.69;  Se 

26.42. 

d)  Furoylhydrazone  of  5-nitro- 2-acetoselenophene.  By  the  same  procedure  as  under  a),  0.42  g  of  nitroketonc 
and  0.26  g  of  furoyl  hydrazide  gave  0.22  g(33.57<);  m.p.  266— 267°  (dccomp.,  from  alcohol);  yellow  crystals. 

Found  %:  C  40.37,  40.43;  H  2.65,  2.83;  Se  24.25,  24.30.  CjjH904N3Se.  Calculated  7o:  C  40.50;  H  2.78;  Se 
24.28.’ 

e)  Thioscmicarbazone  of  5-nitro-2-acetoselenophene.  A  mixture  of  0.4  g  of  nitroketonc  and  0.16  g  of  thio- 
semicarbazide  in  2.7  ml  of  alcohol  was  acidified  with  two  drops  of  glacial  acetic  acid  and  boiled  for  an  hour,  cooled 
and  poured  into  cold  water.  Yield  0.4-1  g  (84.577;  ni.p.  235—236*  (decomp.,  from  alcohol);  orange  crystals. 
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Found  C  31.37,  31.34;  H  2.93,  2.88.  C7HgO^N4SSe.  Calculated  Tp;  C  31.00;  H  2.97. 

r)-NitrQ-2-bromoaceto?c1ennphcne.  a)  Into  a  solution  of  1  g  of  nitroketone  in  20  ml  of  dioxane  was  stirred 
1.27  g  of  dioxan  dibromidc  in  the  course  of  0.5  hr.  Tlie  mass  was  stood  for  12  hr  and  poured  into  20  ml  of  cold 
water.  Yield  1.08  g  (80*70;  m.p.  125.5—126°  (from  ligroine);  yellow  crystals. 

b)  To  1  g  of  nitroketone  in  10  ml  of  glacial  acetic  acid  was  added  dropwise  with  stirring  0.9  g  of  bromine 
in  5.6  ml  of  glacial  acetic  acid  in  the  course  of  an  hour.  The  solution,  colored  by  bromine,  was  heated  at  80*  for 
40  min  in  a  gentle  stream  of  nitrogen  until  the  color  had  disappeared;  the  light-yellow  mixture  was  then  poured 
into  65  ml  of  iced  water.  Yield  1.02  g  (767c);  m.p.  125.5—126*  (from  ligroine). 

Found  7o:  C  24.13,  24.18;  H  1.27,  1.30;  Se  26.47,  26.50.  CgHPaNBrSe.  Calculated  C  24.26;  H  1.36;  Se 

26.53. 

Complex  of  5-nitro-2-bromoacetoselenophene  with  hexamethylenetetramme.  In  a  three-necked  flask,  fitted 
with  stirrer,  thermometer  and  dropping  funnel,  were  placed  0.26  g  of  hexamethylenetetramine  and  18  ml  of  chloro¬ 
benzene.  To  the  resulting  suspension  was  added  a  warm  solution  of  0.5  g  of  nitroketone  in  1.8  ml  of  chlorobenzene. 
The  mixture  was  stirred  for  5  hr  in  the  dark  at  50°  and  stood  for  12  hr  at  20*.  The  precipitate  was  washed  with  an¬ 
hydrous  alcohol  and  ether.  Yield  0.65  g  (837c);  m.p.  125-  128”  (decomp.);  yellow  crystals,  darkening  in  the  light 
and  decomposing  when  heated.* 

5- Nitro- 2-acetylaminoacetoselenophene.  The  complex(0.6  g)  was  stirred  for  15  min  at  20*  with  a  mixture 
of  0.6  ml  of  387c  hydrochloric  acid  and  4.8  ml  of  alcohol  (the  temperature  of  the  mixture  rose  to  33-35*),  the 
mass  was  stood  for  a  day  and  the  liquid  portion  evaporated  to  dryness  in  vacuo.  Addition  was  then  made  of  4.8  ml 
of  alcohol  and  0.6  ml  of  concentrated  hydrochloric  acid.  On  the  following  day  the  evaporation  to  dryness  in  vacuo 
was  repeated.  This  operation  was  repeated  once  more.  The  residue  was  triturated  with  absolute  ether  (5  ml).  There 
was  obtained  0.68  g  of  5-nitro-2-aminoacetoselenophene  hydrochloride  in  admixture  with  ammonium  salts. 

This  mixture  was  dissolved  in  2.5  ml  of  water  and  the  solution  was  filtered.  Rapid  addition  was  then  made 
(with  vigorous  stirring  and  cooling  with  ice  and  salt)  of  0.26  ml  of  acetic  anhydride  followed  by  0.22  g  of  sodium 
acetate  in  0.9  ml  of  water.  Stirring  was  continued  fex:  another  0.5  hr  at  20°.  The  product  was  acidified  with  hydro¬ 
chloric  acid  and  cooled  to  0°;  the  precipitate  was  filtered  off  and  washed  with  water.  Yield  0.12  g  (3270  calculated 
on  the  complex);  m.p.  165—166*  (decomp.;  after  rcprccipitation  with  ligroine  from  ethyl  acetate);  yellow  crystals. 

Found  7p:  C  35.18,  35.17;  H  3.08,  3.13;  Se  28.58,  28.55.  C8Hg04N2Se.  Calculated  %:  C  34.93;  H  2.93;  Se 

28.74. 

2.  Derivatives  of  4- nitro- 2- acetose  lenophene 

4-Nitro-2-bromoacetoselenophene.  To  0.93  g  of  4-nitro-2-acetoselenophene  (m.p.  122.5—123.5*  [2])  in  9 
ml  of  glacial  acetic  acid  was  added  dropwise  with  stirring  0.7  g  of  bromine  in  5  ml  of  glacial  acetic  acid  in  the 
course  of  an  hour.  The  solution  (colored  by  bromine)  was  heated  for  40  min  at  80*  in  a  gentle  nitrogen  stream  until 
the  color  disappeared,  and  the  light- yellow  mixture  was  run  into  60  ml  of  iced  water.  The  precipitate  was  washed 
with  water.  Yield  1.08  g  (85.57^);  m.p.  103- 104°  (from  alcohol);  white  crystals. 

Found  7o;  C  24.32,  24.46;  H  1.34,  1.42;  Se  26.  48,  26.63.  QH^OjNBrSe.  Calculated  7f':  C  24.26;  H  1.36;  Se 

26.58. 


Complex  of  4-nitro-2-bromoacetoselenophenc  with  hexamethylenetetramine.  A  solution  of  0.21  g  of  hexa- 
rhethylenetetramine  in  4  ml  of  chloroform  was  mixed  with  0.4  g  of  nitroketone  in  3  ml  of  chloroform.  The  mixture 
was  stood  in  the  dark  for  two  days.  The  white  precipitate  was  filtered  and  washed  with  a  little  chlwoform.  Yield 
0.45  g  (737o);  m.p.  155— 156°i(decomp.);  white  crystals,  rapidly  turning  red  in  the  light  and  decomposing  when  hea¬ 
ted.* 


4- Nitro- 2-acetylaminoacetoselenophene.  A  mixture  of  1.8  ml  of  concentrated  hydrochloric  acid  and  3.6  rril 
of  alcohol  was  stirred  with  0.9  g  of  complex  at 20' until  theprecipitaiedissolvedcompletely(15min).Themasswas stood 
for  two  days.  It  was  then  cooled  to  0°,  and  the  precipitate  was  filtered  and  washed  with  ether.  Yield  0.6  g  of  4-nitro- 
2-acetylaminoacetoselenophene  hydrochloride  in  admixture  with  ammonium  salts.  After  this  mixture  had  been  dis¬ 
solved  in  2.2  ml  of  water,  rapid  addition  was  made  (with  vigorous  stirring  and  cooling  with  ice  and  salt)  of  0.4  ml 
of  acetic  anhydride.  This  was  followed  by  0.34  g  of  sodium  acetate  in  1.4  ml  of  water,  and  stirring  was  continued 

•Analysis  of  the  complex  was  impossible  f<x  this  reason. 
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for  another  0,5  hr  at  20®.  After  acidification  with  hydrochloric  acid,  the  precipitate  was  filtered  and  washed  with 
water.  Yield  0.4  g  (70.5*7'’  reckoned  on  the  complex);  m.p.  188—  189®  (decomp.,  from  alcohol);  white  crystals. 

Found  *70;  C  34.65,  34.54;  H  3.02,  2.96;  Se  28.45,  28.36,  C8Hi04N2Se.  Calculated  %:  C  34.93;  H  2.93;  Se 

28.74. 

4- Nitro-2-aminoacetoselenophene  hydrochloride.  4-Nitro-2-acetylaminoacetoselenophene(0.2g)was  boiled 
for  20  min  with  1  ml  of  18*7'’ hydrochloric  acid.  The  mass  was  evaporated  to  dryness.  Yield  0.18  g  (92*70);  m.p, 
225—226*  (decomp.,  after  reprecipitation  with  ether  from  absolute  alcohol);  white  crystals. 

Found  *7'';  C  26.55,  26,38;  H  2.48,  2.40;  Se  29.14,  29.10.  C^HTOsNjClSe.  Calculated  *7o:  C  26.75;  H  2.59; 

Se  29.29. 

SUMMARY 

1.  Condensation  with  hydrazine  derivatives  gave  Isonicotinoyl- ,  cyanoacetyl-  and  furoylhydrazones  of  5-nltro- 
2-acetoselenophene;  the  4-phenylsemicarbazone  of  5-nitro-2-acetoselenophene  was  also  prepared. 

2.  It  was  shown  that  4-nitro-2-acetoselenophene  is  brominated  under  more  drastic  conditions  than  5-nitro-2- 
acetoselenophene,  due  to  the  greater  mobility  of  the  hydrogen  atoms  at  the  ct-carbon  atom  of  the  acetyl  group  of 
5-nitro-  2-acetoselenophene. 

3.  4-Nitro-2-bromoacetoselcnophene  forms  a  complex  with  hexamethylenetetramine  with  greater  facility 
Ithan  does  5-nitro- 2-bromoacetoselenophene.  Hydrolysis  of  these  complexes  and  subsequent  acetylation  leads  to 

4-nitro-  and  5-nitro- 2- acetylaminoacetoselenophene. 
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Continuing  our  work  on  reactions  of  ketones  of  the  tetrahydrofuran  series,  we  prepared  the  simplest  vinyl 
ketone  of  this  series —4- methylene-2, 2,5, 5-tetramethyl- 3- furanidone.  Since  one  of  the  routes  to  this  substance 
could  be  reduction  with  lithium  aluminum  hydride  of  4-hydroxymethylene-2,2,5,5-tetramethyl-3-furanidone 
(previously  described  by  us  [ID,  it  v'as  necessary  to  first  clarify  the  behavior  of  2,2,5,5-tetraalkyl-2-furanidones 
themselves,  especially  since  this  problem  has  becm  the  subject  of  only  one  investigation  [2]. 

We  established  that  lithium  aluminum  hydride  in  ethereal  solution  smoothly  reduces  2,2,5,5-tetraalkyl-3- 
fiiranidoncs  to  2, 2, 5,. 5-tetramethyl- 3-furanidols  in  high  yields  ( 83- 98‘/o)  which  are  better  tlian  those  obtained  by 
reduction  with  sodium  in  alcohol  [3]  or  with  hydrogen  in  presence  of  skeletal  nickel.  [4], 
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Reduction  of  4-hydroxymethylene-2, 2, 5, 5-tetramethyl- 3- furanidcne  by  lithium  aluminum  hydride  takes  a 
different  course;  unlike  hydroxymethylene  ketones  of  tlie  alicyclic  series— which  on  reduction  with  lithium  alumi¬ 
num  hydride  in  the  majority  of  cases  form  a  mixture  of  unsaturated  alcohols  [5]— it  gives  the  unsaturatcd  ketone, 
4-methylene-2,2,5,5-tctramethyl-3-furanidone,  in  a  yield  of  6  Wo  (calculated  on  the  hydroxymethylene  ketone 
brought  into  reaction)  when  isolated  in  the  form  of  the  dibromide.  It  is  impossible,  however,  to  isolate  the  free 
4-mcthylenc-2,2,5,5-tetramcthyl-3-furanidorie  in  sufficiently  high  yield  since  it  dimerizes  to  a  considerable  extent 
in  the  course  of  fractional  distillation;  dimerization  is  extremely  facile  in  presence  of  acids  and  alkalies.  On  the 
analogy  of  o-methylenecyclohexanone  [6]  we  assume  that  the  dimer  of  4-methylene-2,2,5,5-tetramethyl-3-furani- 
done  is  formed  by  a  "dienic  synthesis"  and  has  the  following  structure; 


HgC  CH3 

X/ 
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/CH2^ 


/X  XqX 

CH,  CH3  ^ 


CH,  CH3  CH3 


CH3CH3 


Hydrogenation  of  4-hydrox)Tnethylene-2, 2, 5, 5-tetramethyl- 3-furanidone  in  presence  of  various  catalysts 
(skeletal  nickel,  platinum  oxide,  palladium  oxide  on  barium  sulfate  and  platinum  oxide  in  presence  of  salts  of 
trivalcnt  iron)  gives  only  low  yields  (5-23*713)  of  4-methylene-2,2,5,5-tetramethyl-3-furanidone. 
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Anottier  route  leads  to  better  results.  Reaction  of  2,'2,5.5-tctramctbyl-3- furanidonc  with  tetran'iCtliylnictli-  . 
ylencdianiino  and  diniethylaniinc  hydrochloride  gives  the  hy^rocliloridc  of  the  Mannicli  base-d-din'icthylamino- 
mcihylenc-2,'d.5,'j-tetramcthyl-3-fi!ranidone— in  a  yield  of  7*70.  steam  distillation  of  the  latter  leads  to  4-meth- 
ylene-2,2,5,5-tetramethyl-3-fiiranidone  in  a  yield  of  95..5'7('. 


We  may  note  that  attempts  to  prepare  the  Mannich  bases  by  the  action  of  formalin  and  diethylamine  hydro¬ 
chloride  on  J/J.u.h-tctramcthyl-^-furanidonc  gave  negative  results. 

We  obtained  2,2,  l,5,3-penLimethyl-3- furanidonc  by  liydrogenation  of  ■}-metiiylene-2,2.r),5-tetramelhyl-3- 
furanidone  in  presence  of  palladium  on  barium  suliate. 

EXPERIMENTAL 

1.  Reduction  of  2,2,b,5-Tetraalkyl-3-furanidones  by  Lithium  Aluminum  Hydride 

a)  2,2,h,.'5-Tctramethyl-3-furanidone.  Dropwise  addition  of  100  ml  of  an  ethereal  solution  of  lithium  alumi¬ 
num  hydride  [from  14  g  (0.053  mole)  of  aluminum  bromide  and  1.6  g  (0.2  mole)  of  lithium  hydride]  with  ice-cool¬ 
ing  was  made  to  a  solution  of  15  g  (0.106  mole)  of  2,2,5,5-tetramethyl-3-furanidone  in  100  ml  of  absolute  ether 

in  a  three- necked  flask  fitted  with  stirrer,  dropping  funnel  and  reflux  condenser.  The  mixture  was  stirred  for  3  hr 
at  18”,  stood  for  12  hr,  decomposed  with  2  N  hydrochloric  acid  and  extracted  a  number  of  times  with  ether.  After 
the  ether  had  been  distilled  off  from  the  solution  (previously  dried  with  magnesium  sulfate),  the  residue  was  distil¬ 
led  in  vacuo  to  give  14.2  g  (02*7"): 

B.p,  84— 84.5”  ( 13  mm),  m.p.  26.5—27”. 

Found  C  66.40,  66.30;  H  11.22,  11.25.  C8HJ6O2.  Calculated  %:  C  66.62;  H  11.19. 

Phenylurethane;m.p.  123— 124”  (from  ligroine). 

Found  '7':  N  5.61,  5.56.  CJ5H21O3N.  Calculated  '7';  N  5.34. 

Literature  data  [3];  b.p,  84”  (15  mm),  n'^  1.4435,  d’^  0.9483;phenylurethane  m.p.  123”. 

b)  2.5-Dimethyl- 2.5-diethyl- 3- furanidone.  As  described  above,  from  17  g(0.1  mole)  of  2.5-dimethyl-2.5- 
diethyl-3-furanidone  and  100  ml  of  ethereal  solution  of  lithium  aluminum  hydride  [from  13,5  g(0.05  mole)  of 
aluminum  bromide  and  1.6  g  (0.02  mole)  of  lithium  hydride]  was  obtained  14.4  g  (83.5%): 

B.  p.  101-101.5”  (11  mm),  np^  1.4578,  d4^  0.9520.  MR^  49.36;  Calc.  49.35. 

Found  %;  C  69.77.  69.84;  H  11.72,  11.83.  CioHzoOj.  Calculated  %:  C  69.72;  H  11.70. 

3.5-Dinitrobenzoate;  m.p.  89-90”  (from  ligroine). 

Found  %  N  8.04.  CitHjzOtNj.  Calculated  %:  N  7.65. 

Literature  data  [4]:  b.p.  107”  (19  mm),  np’®  1.4547,  d, 5  0.9539,  MRp  48.90. 

c)  2,2.5,5-Bistetramethylene-3-furanidol.  By  the  above  procedure,  19.4  g(0.1  mole)  of  2.2,5,5-tetramethyl- 
3- furanidone  and  100  ml  of  ethereal  solution  of  lithium  aluminum  hydride  [from  13.5  g  (0.05  mole)  of  aluminum 
bromide  and  1.6  g  (0.2  mole)  of  lithium  hydride]  gave  17.1  g  (86.5%); 

B.p.  118-119”  (3  mm),  n^^  1.5011,  d4”  1.0660,  MRp  54.23;  Calc.  54.18. 
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Found  °Jo:  C  73.11.  73.30;  H  10.44.  10.33.  CuBzoOg.  Calculated  C  73.45;  H  10.27. 

Phenylureihane:  m.p.  86.5-87"  (from  ligrolne). 

Found  n  4.38.  4.33.  CipBjsCsN.  Calculated  N  4.44. 

d)  2.2.5.5-Bi=;perit.TTnctlivlcne-3-furanidol.  Prepared  in  similar  fashion  from  15'.8  g(0.07  mole)  of  2. 2.5,5- 
bispentamcthylenc-3-furanidorie  and  100  ml  of  etliereal  solution  of  lithium  aluminum  hydride  [prepared  from 
9.35  g  (0.035  mole)  of  aluminum  bromide  and  1.1  g  (0.14  mole)  of  lithium  hydride]. 

Yield  15.3  g(98‘7£');m.p.  72.5  -73.5®  (from  methyl  alcohol). 

Found  7o:  C  75.23;  75.21;  H  10.85;  10.78.  C14H24O2.  Calculated  7o:  C  75.12;  H  10.79. 

Phcnylurcthane;  m.p.  123-124”  (from  alcohol). 

Found N  1.02.  4.07.  C21H29O3N.  Calculated  T-;  N  4.08. 

2.  Reduction  of  4-Hydroxymethylene-2.2,5.5-tetramethyl-3-furanidone  with  Lith- 
ium  Aluminum  Hydride 

Reduction  of  5.6  g  (0.033  mole)  of  the  hydroxymethylene  ketone  was  effected  as  described  above  by  120  ml 
of  ethereal  solution  of  lithium  aluminum  hydride  [from  10.5  g  (0.04  mole)  of  aluminum  bromide  and  1.8  g  (0.23 
mole)  of  lithium  hydride].  The  mixture  was  stood  for  12  hr,  decomposed  with  a  2N  hydrochloric  acid  and  extrac¬ 
ted  with  ether.  The  ether  extracts  were  dried  with  magnesium  sulfate.  Two  procedures  for  treatment  of  the  residue 
after  distillation  of  the  ether  were  used:  a)  Bromine  in  carbon  tetrachloride  solution  was  added  to  the  residue  until 
tlic  yellow  color  disappeared;  removal  of  the  solvent  in  vacuo  left  6.3  g  (00.87)  of  the  dibrornidc  of  4-mcthylene- 
2,2,  5,5-tetramethyl-3-furanidone;  m.p.  83.2-83.9"  (from  alcohol). 

Found  7-:  C  34.58.  34.61;  H  4.67.  4,66;  Br  50.68,  50.83.  CgH^OzBrj.  Calculated  T?;  C  34.42;  H4.49;  Br  50.88. 

b)  iTlie  residue  was  fractionated  a  number  of  times  in  vacuo  to  give  2  g  of  4-mcthylene- 2,2,5, 5-tetramcth- 
yl-3-turanidone. 

B.p.  7.5-77®  (-18  mm)  nj)“  1.4380,  d4“  0.9357,  43.28.  C9Hj402F- Calculated  42.75. 

Found  T’:  C  69.75,  69.71;  H  9.37,  9.17.  C9H,402.  Calculated  C  70.10;  H  9.16. 

4-Methylene-2.2.5,5-tetramcthyl-3-furanidone  partly  dimerizes  during  distillation,  and  the  process  is  rapid 
in  presence  of  dilute  mineral  acids  and  alkalies;  the  dimer  is  a  white  crystalline  substance  with  m.p.  76-76.5* 
(from  alcohol). 

Found  C  70.21,  70.11;  H  9.28,  9.26.  M  320.7.  (C9H ,402)2.  Calculated  T’:  C  70.10;  H  9.16.  M  308.4. 

3.  4-Methylene-2,2,5,5-tctramcthyl-3-furanidone 

A  mixture  of  28  g(0.2  mole)  of  2,2,5,5-tetramcthyl-3-furanidone,  22  g(0.22  mole)  ot  tetramethylmeth- 
ylcncdiaminc,  16  g  (U.2  mole)  ot  dimethyiamine  hydrochloride  and  100  ml  of  alcohol  was  boiled  for  4  hr,  the 
alcohol  and  unchanged  subsLanccs  were  distilled  otf,  and  the  residue  was  treated  with  150  ml  ot  2  N  sodium  hydrox 
idc  and  extracted  with  ether.  Dry  hydrogen  chloride  was  passed  through  the  ethereal  solution.  There  was  obtained 
26.3  (55.77’)  ot  4-dimethylaminomethylene-2,2,5,5-tctramethyl-3-turanidone  hydrochloride;  m.p.  127-128*  (after 
reprecipitation  from  absolute  alcohol  by  absolute  ether). 

Found  N  5 .9 0 ,  5.94.  CuHzjCl^NC  1.  Calculated  T*:  N  5.94. 

The  hydrochloride  (26.3)  was  distilled  with  steam  and  the  distillate  extracted  with  ether.  The  extract  was 
dried  with  magnesium  sulfate,  the  ether  distilled  off,  and  the  residue  distilled  in  vacuo  to  give  16.4(95.57)  of 
4-methylene-2,2,5,5-tetramcthy!-3-furanidone;  b.p.  89-90"  (78  mm),  0^*°  1.4370,  d4^  0.9364. 

Part  of  the  4-methylene-2,2,5,5-tetramethyl-3-fiiranidone  dimerized  at  the  close  of  distillation;  m.p. 
76-76.5";  a  mixture  with  the  dimer  obtained  in  the  preceding  experiment  melted  without  depression. 

4- Methylene-2, 2, 5, 5-tetramethyl-3-furanidone  dibromide  melts  at  83-83.5".  and  a  mixture  with  the  di¬ 
bromide  obtained  in  the  preceding  exp)eriment  melted  without  depression. 
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4.  2.2,4.5.,'i-Pentamethyl-n-furanldone 


A  solution  of  10  g(0.or'r;  mole)  of  4-methylene-2.2,5,5-tGtramethyl-3-fnranidone  In  25  ml  of  absolute 
alcohol  was  hydrogenated  in  the  cold,  with  shaking,  in  presence  of  palladium  on  barium  sulfate.  After  104  min 
1110  ml  of  hydrogen  (NTP)  had  been  absorbed  (the  calculated  volume  is  1455  ml  at  NTP).  The  catalyst  was  sep¬ 
arated,  the  alcohol  distilled  off,  and  the  residue  distilled  in  vacuo.  Yield  7.5  g  (74.1'7(). 

B.p.  52.5.r  (12  mm),  n^^^  1.4247,  d4^  0.9166,  MR^  43.15;  Calc.  43.37. 

Found  ‘7.’:  C  69.01.  69.17;  H  10.66.  10.68.  CgHisOj.  Calculated  C  69.19;  H  lo".33. 
2,4-I)initrophenylhydrazone:  m.p.  166.5- 167’ (from  alcohol). 

Found  %:  N  16.61.  16.96.  CisflzoOgN^.  Calculated  N  16.66. 

SUMMARY 

\ 

Reduction  by  lithium  aluminum  hydride  of  2,2,5,5-tetraalkyl-3-furanldones  can  serve  as  a  convenient 
method  of  synthesis  of  the  corresponding  alcohols. 

4-Mcthylene-2,2,5,5-tetramcthyl-3-furanidone  is  easily  prepared  by  steam  distillation  of  the  hydrochloride 
of  the  Mannich  base  formed  from  2.2.5.5-tctramethyl-3-turanidone.  tetramcthylmethylenediamine  and  dimethyl- 
amine  hydrorliloride. 
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For  the  purpose  of  systematic  investigation  of  the  insecticidal  properties  of  derivatives  of  phosphoric  and 
thlophosphoric  acids  possessing  phosphorylating  properties,  we  synthesized  and  studied  the  toxicity  to  insects  of 
a  scries  of  esters  of  phosphorus  acids  and  of  the  enolic  forms  of  6 -dicarbonyl  compounds  with  tiic  general  formula: 


A  0(S) 

\0-C=CHC0X 

I 

CHs 


where  A  and  B  are  alkoxy-  and  dlalkylamldo  groups,  and  X  is  alkyl  or  alkoxyl. 

G.  Schrader's  survey  [1]  mentions  two  preparations  (I  and  11)  obtained  by  the  action  of  diethyl  chlorophos" 
phate  or  diethyl  chlorothiophosphate  on  the  sodir.m  derivative  of  methyl  acetoacetate. 


no 

RO 


^  ^0— C=CH— COOR' 


CHa 


(I) 

R  =  C,H„ 

R'  =  CH,. 

Y  =  0 

(11) 

H  =  C,H5. 

R'  =  CH,. 

Y  =  S 

(111) 

li  =  C,H,. 

R'  =  C,H,. 

Y  =  0 

(IV) 

R  =  CH,. 

11'  =  cii,. 

Y=:0 

Corresponding  derivatives  of  ethyl  acetoacetate  (III)  are  known  [2],  as  well  as  dimethyl  (carbomethoxyiso- 
propenyl)phosphate  (IV)  [3],  marketed  as  "Shell  OS-2046".  This  compound  is  reported  to  be  a  strong  systemic 
poison  comparable  with  "Systox"  or  OMPA.  Two  geometrical  isomers  of  OS-2046  have  been  described  [4],  the 
els- isomer  being  100  times  more  toxic  to  Insects  and  warm-blooded  animals  than  the  trans-isomer. 

Kreytzkamp  and  Kayser  [5]  studied  the  reaction  of  triethyl  phosphite  with  a-chloroacetoacetlc  ester  and 
showed  that  diethyl  (carbethoxyisopropenyl)phosrhate  is  formed  (M), 

(CaHgOJaP  -f  CH3COCHCICOOC2H5  (C2n50)2p(0)0C(CH3)=CHC00C2n5  +  CjHjCl 

This  reaction  was  later  also  studied  by  Pudovik  [6]  and  other  worken  [7,8]. 

We  obtained  esters  of  dialky Iphosphoric  acids  and  enolic  forms  of  acetylacetone  or  acetoacctic  ester  by 
the  action  of  dialkyl  chlorophosphates  on  tlie  corresponding  6-dicarbonyl  compounds  in  presence  of  a  tertiary 
amine,  under  the  conditions  of  Claisen  O-acylation  of  6 -dicarbonyl  compounds. 
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TABLE  1. 

I 

I.aboratoryl 

numbers 


P-251 

P-252 

P-255 

P-264 

P-24S 

P-17S 

P-256 

r-2'.n 

r-258 

p-2r)4 

r-250 

P-257 

p-2r)3 

P-259 

P-263 


Formulas  of  substances 

Bolling 
point 
(pressure 
in  mm) 

d”, 

'TD 

3 

3 

calcu¬ 

lated 

(C2H50)2P(0)0C(CIl3)  =  CHCOOCH3 

115-116 

(0.5) 

1.1615 

1.4473 

58.00 

56.96 

(C2ll50)2P(0)0(:(Cll3)  =  CIICOCH3 

113-115 

(1.5) 

1.1285 

1.44.58 

55.75 

55.30 

C2ll50I(CH3)2NlP(n)0(:((^Jl3)  =  CIlCOOCHn 

109-111 

(0 

105-107 

(1) 

93-96 

(3) 

85- S7 

1.1  'il5 

1.4603 

60.26 

.59.24 

(;2ii50i(cii3)2NiP(0)0C(Cii3)  =  (:ncoc,H3 

1.1271 

1.4686 

58.03 

57.59 

(f’2lf50)2P0C(CH3)  =  CHCOOCH3 

1.0778 

1.4.580 

59.75 

58.02 

(^•iHsOioPOCir.ii)  =  (:ii(;ocH3 

1.04.5111 

1.'.620 

57.88 

56  43 

C2  H  5O  [  (C  H  aloN  1 P  ex  -,( C  H  3)  =  1 1  CP>  0  (',  H  3 

(-) 

76—80 

(0.5) 

1.0620 

1.4705 

61.79 

60.32 

)[(r,H3)2X]F't  )(((,:H3)  ^  (Mir, 

91-::2 

(21 

85— 

1  O.ll.c 

1  , 

'  l.'i79! 

6(\2n 

58.67 

)  ^-rnroocii-, 

!  1.0)56 

!  1.'.8.53 

j64.29 

^2.01 

1 

(C2n50)2p(S)0(:({:ii3)  =  r,ncoocii3 

("••"•) 

106—109 

(1) 

1.1614 

1.4830 

j65.90 

64.43 

{C2H5<.))2P(S)OC((:M3)  =  CIICOCH;, 

92.5—9.5 

(1) 

104-106 

(0.5) 

1.1216 

1.4807 

63.90 

62.79 

r2Hr,01(CH3)2NlI"(^^)^'>t'(f^II:«)  =  CHCOOCIfj 

1.1456 

1.4970 

68.20 

66.73 

r,2HBO((GH3)2NlP(S)OC(GH3)  =  GHGOGH3 

103-105 

(1) 

112-114 

(0.5) 

1.1121 

1.496(1 

1  65.93 

65.09 

|(GH3)2N]2R(S)0C(GH3)  =  GHCOOCH3 

1.1381 

1..5075 

1  69.52 

1  69.02 

{G2H60)2P(0)0C(Cl)(Gll3)CHGlG00Gn3 

143-146 

(2) 

1.306(1 

1  1.4591 

67.62 

:  67.15 

;P<'/  -f  CH3COCR2COX  -f  RiN 
RO^  ^Cl 


RO.  .0 

\p/y 

rq/  '\oc(cn3)=CHCox 


+  R3N .  HCl 


We  failed,  however,  to  obtain  derivatives  of  dialkylamidophosphoric  acids  by  this  method.  On  the  other 
hand  they  are  readily  obtained  by  the  method  of  Kreytzkamp  and  Kayser,  for  example: 


C2H5O. 

\p-OC2H5  -f  CH3COCHCICOCH3  = 

(CH3)2N/ 

CzHsOX  ,0 

K 

(Cll3),N/  \0-C(CH3)=CnC0CH3  +  C0H5CI. 


We  synthesized  derivatives  of  thiophosphoric  acid  containing  alkoxyl  or  dialkylamido  groups  by  a  third 
route:  starting  from  reaction  of  dialkyl  chlorophosphites  or  the  corresponding  dialkylamido  derivatives  with 
6 -dicarbonyl  compounds  under  the  conditions  of  Claisen  acylation,  we  obtained  derivatives  of  phosphorous  acid; 


A  A 

\p_Cl  -f  CH3COCII.COX  -f  R3N  =  \p— 0-C(CH3)-=CHC0X  -f  R3N  .  IICI. 

R/  R/ 

VAandB=Ro  or  R,N;  x=cn,  or  OR) 

These  are  readily  mobile  liquids,  distilling  without  decomposition  in  vacuo,  soluble  in  organic  solvents.  They 
have  an  unpleasant  odor.  They  easily  add  on  sultur  in  carbon  disulfide  soltuion  with  formation  of  the  sought- for 
derivatives  of  thiophosphoric  acid. 
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(In  %)  1 

1 

1 

found 

calcu-j 
latrd  1 

,  ,  fcalcu-i 

jated  i 

1 

found  * 

:alcu-! 
lated  1 

found  ( 

calculate! 

122 

42.91,  42.70 

42.86 

6.86.  6.67 

6.75 

12..33.  12..52 

12.29 

_ 

35.9 

45.5S,  45.41 

■45.76 

7.43,  7.19 

7.20 

12.70,  12.93 

13.13 

— 

— 

22,0 

4.1.31, 43.16 

43.03 

7.33,  7.38 

7.17 

12.27,  11.99 

12.34 

— 

— 

21.7 

45.50,  45.72 

45.96 

7.75.  7.52 

7.66 

12.46,  12.60 

13.18 

— 

— 

58.2 

— 

— 

— 

— 

13.30,  1,3.10 

13.12 

— 

— 

37.3 

48.40,  48.48 

49.09 

7.72.  7,85 

7.73 

14.42,  14..58 

14.11 

— 

— 

51.9 

45.38,45.24 

45.95 

7.76,  7.79 

7.66 

12.86,  12.96 

13.18 

— 

N 

55.8 

— 

— 

— 

— 

14.31,  14.36 

14.14 

6.41,  6.20 

6.39 

32.0 

46.39,46.41 

46.15 

8.43,  8,41 

8.12 

— 

— 

— 

C 

75.0 

40.47,  40.44 

40.30 

6.37,  6.39 

6.34 

11. .50,  11.53 

11.57 

11.55,  11.89 

11.57 

g 

28.3 

42.84.  42.85 

42.86 

6.78,  6.78 

6.75 

12.57 

12.29 

12.22,  12.29 

12.70 

S 

66.2 

40..56.  40.42 

40.45 

6.78,  6.75 

6.74 

11.36,  11.35 

11.62 

11.94,  11.96 

11.98 

41.6 

43.05,  42.95 

43.03 

7.17,  7.17 

7.17 

12.47,  12.52 

12..34 

12.39,  12.21 

12.75 

42 

40.94, 40.88 

40.60 

7.26,  7.27 

7.14 

11.79,  11.57 

11.64 

11.86,  12.00 

12.03 

Cl 

70.1 

33.38,  33.41 

33.41 

.5.22,  ,5.24 

5.25 

1 

9.87,  9.69 

9.59 

21.86,  22.11 

21.97 

\p_o-c(cn3)=r.nr.ox  +  s  = 

(A  and  B  =  no  or  h.n; 


\0-C(Cll3)=CHC0X 
X  =  CH,  or  on) 


The  ester  of  dicthylphosphoric  acid  and  of  the  enol  form  of  methyl  acetoacetate  add  on  chlorine  to  give  diethyl 
(carbomcilioxydichloro- 2- propyl)  phosphate. 

ConsLants  and  analyses  of  tl’e  prepared  substances  are  set  forth  in  Table  1. 


Tlic  synthesized  substances  were  examined  in  laboratory  tests  as  contact  and  systemic  poisons.  Contact 


and  10.5  g  of  triethylamine  was  added  17.2  g  of  diethyl  chlorophosphate  followed  by  100  ml  of  dry  ether.  The 
mixture  was  stood  overnight.  The  precipitated  triethylamine  hydrochloride  was  filtered  off  and  washed  with  ether; 
the  ether  was  distilled  off  and  the  residue  distilled  in  vacuo.  Redistillation  gave  18.2  g  (72. 7^^). 


Diethyl  (2-pc.ntenonyl)phospb'atc.  (P-252).  Prepared  as  above  from  10  g  of  acetylacctone,  10.5  g  of  triethyl¬ 
amine  and  17.2  g  of  diethyl  chlorophosphate.  Redistillation  gave  8.4  g(357(). 

Dimethylaminocthyi  ( carbomethoxy- 2-propenyl)pho$phate  ( P- 255).  To  a  benzene  solution  of  8.7  g  of  ct- 
chloromethylacetoacetate  was  added  at  16- 18’  a  benzene  solution  of  9.6  g  of  dimethylamidodiethyl  phosphite 
[9].  After  heating  for  2  hr  at  70-80“,  the  benzene  was  distilled  off  and  the  residue  distilled  in  vacuo.  Redistillation 
gave  3.2  g  (22%). 


TABLF.  ‘2.  Rol.Ttivr  f'oxicitv  of  Derivatives  c'f  B-I}ic.ul'(^nyl 
Compounds  for  Mt  aiy  Paigs  in  Contact  Tests 


Laboratory 

numbers 

LK-95-100 

Laboratory 

numbers 

LK-95-100 

P-249 

0.4 

P-255 

0.075 

P-250 

0.2 

P-257 

0.1 

P-251 

0,0] 

P-259 

0.075 

P-252 

0.2 

P-263 

0.05-0.075 

P-253 

0.15 

P-26h 

0.15 

P-254 

0.025 

Parathion 

0.03 

Dime  th via  mid odicthvl  f  C-pentenonyPphosphate  rP-Cr>  D  To  a  benzene  solution  of  1(1.5  g  of  dimethylamido- 
diethyl  phosphite  was  added  at  10- IS’  a  benzene  solution  of  13.5  g  of  a-chloroaceiylacetone.  After  an  hour  at 
70*.  the  benzene  was  distilled  off  and  the  residue  distilled  in  vacuo.  Tlie  third  distillation  gave  5.1  g  ( 21.7‘r>.'). 

Diethyl  (carbometho:- y-C-propenyllphosphate  (P-2  f.'').  To  an  ethereal  solution  of  16.1  g  of  methyl  aceto- 
acetate  and  15  c  of  trieth  'lamine  was  added  at  20’  an  ethereal  solution  of  21. 1  g  of  diethyl  chloropho'phite.  The 
precipitated  triethylamine  hydrochloride  was  filtered  off,  the  ethereal  solution  dried  with  sodium  sulfate,  the 
ether  distilled  off,  and  the  residue  distilled  in  vacuo.  Redistillation  gave  18.8  g(.58.2'7A. 

Diethyl  (2-pentenonyl)phosphite  (P-178).  Acetylacetone  (7.9  g),  diethyl  chlorophosphite  (12.2  g)  and  tri- 
ethylaminc(8  g)  were  reacted  by  the  preceding  method.  Redistillation  gave  6.4  g(37.3'7'). 

Dimethylamidoethyl  ( carhomethoxy-2-propenyl)phosphite  (P-256).  Similarly  prepared  from  11.6  g  of 
methyl  acctoacetate,  10.2  g  of  triethylamine  and  15.6  g  of  dimethylamidoethyl  chlorophosphite  (b.p.  52-56® 
at  13.5  mm,  d4^  1.0802,  np^"  1.4678).  Rcdistillation  gave  15.2  gfSl.Q*/!). 

Dimethylamidoethyl(2-pentenonyl)phosphite  (P-249).  Similarly  prepared  from  15  g  of  acetylacetone, 

15.8  g  of  triethylamine  and  23.3  g  of  dimethy lamidoethylchlorophosphite.  Redistillation  gave  18.3  g(55.8‘!K'). 

Tetramethyldiamidrt carbomethoxy-2-propenyl)phosphitc  (P-258).  Similarly  prepared  from  16,4  g  of 
methyl  acctoacetate,  15.2  g  of  triethylamine  and  20  g  of  tetramethyl  diamidochlorophosphite  (b.p.  64-65®  at 
11  mm,  d/'’  1.0760,  np^*'  1.504.5),  Redistillation  gave  10.6  g(327<’). 

Diethyl(carbomethoxy-2-propenyl)thiophosphate  (P-254)  Diethyl  (carbomethoxy-2-propenyl)phosphite 
(17,6  g)  and  sulfur  (2.5  g)  in  carbon  disulfide  (15  ml)  were  heated  for  7  hr  at  50-55®.  The  solvent  was  distilled 
off  and  the  residue  distilled  in  vacuo.  Rcdistillation  gave  15  g(75'vf). 

Diethyl  (2-pentenonyl)thiophosphate  (P-250).  Similarly  prepared  from  10  g  of  diethyl  (2-pentenonyl)phos- 
phite,  1.6  g  of  sulfur  in  15  ml  of  carbon  disulfide  with  heating  for  5  hr  at  55-60*.  Yield  3.5  g  (28.37'’). 

Dimethylamidoethyl  (carbomethoxy-2-propenyl)thiophosphate  (P-257).  Prepared  similarly  from  9.7  g  of 
dimethylamidoethyl  (carbomcthoxy-2-propenyl)phosphite  in  8  ml  of  carbon  disulfide  and  1.33  g  of  sulfur  with 
heating  for  an  hour  at  50®.  Yield  7.3  g(66.27o. 

Dimethylamidoethyl  (2-pentenonyl)thiophosphate  (P-253).  Prepared  from  8.6  g  of  dimethylamidoethyl 
(2-pcntenonyl)phosphite  in  8  ml  of  carbon  disulfide  and  1.3  g  of  sulfur.  The  reaction  was  violent;  subsequently 
the  mixture  was  heated  for  30  min  at  50®.  Yield  4.1  g  (41.67o). 

Tetramethyldiamido(carbomethoxy-2-propenyl)thiophosphate  ( P-259).  Prepared  from  10  g  of  tetramethyldi- 
amido(carbomethoxy-2-propenyl)phosphite.  1.4  g  of  sulfur  in  10  ml  of  carbon  disulfide  with  heating  at  50-55®  for 
3  hr.  Yield  4.7  g(427<). 

Diethyl  (carbomethoxydichloro- 2- propyl)phosphate  (P-263).  A  stream  of  dry  chlorine  was  passed  through  a 
solution  of  10.8  g  of  diethyl(carbomeihoxy-2-propenyl)phosphate  in  18  ml  of  carbon  tetrachloride  until  the  weight 
had  increased  by  the  theoretical  amount.  After  standing  for  2  hr  at  room  temperature,  the  solvent  was  taken  off 
in  vacuo  Redistillation  gave  9.7  g  (70.17). 
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SUMMARY 


1.  Derivatives  of  diethyl-,  dimcihylamidocthyl-  and  tctrameihyldiamidophosphorous  acids  and  of  the  enol 
forms  of  acetylacetone  and  methyl  acetoacefate  were  synthesized. 

2.  A  series  of  derivatives  of  diethyl-,  dimcthylamidocthyl-  and  tetramethyldiamidophosphoric  and  -thlo- 
phosphoric  acids,  containing  residues  of  the  enol  terms  ot  acetylacetone  or  methyl  acetoacetate,  were  synthesized. 

The  synthesized  compounds  v/erc  examined  in  the  laboratory  for  their  value  as  contact  and  systemic 
insecticides.  Compounds  with  a  carbomcthoxypropenyl  group  were  stronger  contact  poisons  for  mealy  bugs  than 
compounds  containing  the  pmtcni'nyl  group.  A  high  contact  toxicity,  surpa.ssing  that  of  Parathion,  is  exhibited  by 
compound  P-251.  Compound  r-254  is  slightly  more  toxic  than  Parathion. 
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Monomeric  and  polvnienc  organosilicon  derivatives  of  acids  of  phosphorus  have  attracted  the  attention  of 
many  investieatorc  in  recent  vears  [1-17], 

In  the  p’^csent  work  wc  describe  row  routes  for  synthesis  of  tris( triorgano-ilyl)  phospliates  starting  from  thio- 
organosilanols,  he v,ir'reanixiisil''''':anes  or  triorg.inosiiancs. 

We  found  that  tris(  triorganosilyl)  phosphates  are  formca  in  507''  yield  by  reaction  of  phosphorus  pentoxide 
with  triorgaiiosilanols  according  to  the  eciuation* 

12R3SiO!l  +  r40irt  — ►  4(l\3Si<))3l’0  -j-blUO. 

Due  to  the  relatively  great  susceptibility  of  triorganosilanols  to  intermolecnlar  anhydrocondensation  with 
formation  of  liexaalkyldisiloxanes.  which  is  catalyzed  in  particular  by  phosphorus  pentoxide  [18],  we  cannot 
exclude  the  possibility  of  reaction  (1)  being  accompanied  by  reaction  (2),  already  described  by  one  of  us  [2]*  • 

finaSiOSiRn  P4(),o  — >  4(R3SiU):,PO.  (2) 


The  mechanism  of  reaction  of  triorganosilanols  with  phosphorus  pentoxide  may  be  represented  by  the  follow¬ 
ing  equations: 


O 


-0— P-O-l  P=0-f-H0SiR3 

3 

o 


-O-P-0—  P011-}--OSiR3 

I  /3 


.011 

-O-P-O-  I  P<.  -f  llOSiRa 


o 


-O-P-O-  I  P=0  . . .  H  . .  •  OSiRs  ±- 

3 

0  .  o 

II  \  /OH  II 

-O-P-O-  p/  +  R.SiO-P-O- 

I  /3  ^0  I 

O 

OSiRa 


—O-P-O-  IV 


s  +H2O 

2  ^0 


(3) 


and  so  on  until  the  whole  of  the  cyclic  structure  of  P4O10  has  been  broken  down  to  monomeric  molecules  of 
(RaSiOJaPO. 

Another  method  that  we  aeveloped  for  synthesis  of  trisftriorganosilyl)  phosphates  (yields  up  to  907')  is  based 
on  reaction  of  triorganosilanols  with  orthophosphoric  acid: 

•  We  previously  utilized  a  similar  reaction  for  synthesis  of  triorganosiloxy  derivatives  of  boron  [19],  vanadium 
[20]  and  antimony  [21]. 

**  It  is  interesting  to  note  that  phosphorus  pentoxide  does  not  react  on  boiling  with  hcxachlorodisiloxane,  due  to 
the  oxygen  atom  of  Cla^iOSiCla  being  devoid  of  nucleophilic  properties. 
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SRaSiUll  -f  Hal'O*  (R3SiO)3FO  +  -UlaO.  (4) 

Unlike  the  formation  of  bisftrialkylsil.yl)  sulfates,  which  takes  place  only  on  direci  interaction  between  tri- 
organosilanols  and  sulfuric  acid  [z2],  reaction  (4)  took  place  under  conditions  of  azeotropic  distillation  of  the  water 
formed  in  the  reaction  mixture.* 

Reaction  between  triorganosilanols  and  orthophosphoric  acid  may  be  represented  by  the  following  mechanism; 


0 

110.  II 

RaSiOH  +  llaPOi  RaSiOHa^  +  >P-0- 

110/ 


11  /OH 

RsSiOP/  +  HaO; 
^011 


0  0 
II  /OH  110.  II  _ 

RgSiOP.  +  RaSiOH  R3SiOHo++  >P— O  ^ 

\011  R3SiO/ 


0 

RgSiO.  II 

>P— oil -I- HaO;  etc. 
RaSiO/ 


(5) 


The  first  reaction  step  is  transfer  by  phosphoric  acid  of  a  proton  to  the  silanol  with  formation  of  a  siloxonium 
ion  (B).  Subsequent  nucleophilic  action  of  anion  (A)  on  (B)  leads  to  release  of  a  molecule  of  water  and  formation 
of  the  substitution  product  (Q: 


0  0 

^  II  (-)  (+)  II 

(l!0).>P-0  — >  SiRa-OHa  ^  (iiOlaP-O-SiRa  +  II.^O. 

(A)  (B)  (C)  (6) 


The  two  succeeding  reaction  steps  may  be  visualized  in  similar  fashion.  Reaction  of  triorganosilanols  with 
other  acids  also  proceeds  by  the  same  mechanism. 

It  is  interesting  to  note  ihat  a  sin.ilar  reaction  of  organic  alcohols  with  orthophosphoric  acid  only  leads  to 
formation  of  a  mixture  of  acid  esters  of  phosphoric  acids  [26],  This  can  be  explained  in  terms  of  the  large  steric 
hindrancesarising  during  nucleophilic  attack  of  the  carbon  atom  (1.5  times  smaller  than  the  silicon  atom)  by 

I!  .  I'  - 

(RO)HOP-O  anions  and  in  particular  by  (ROljP-O  anions.  To  this  we  must  add  that  silicon,  due  to  the  presence 
of  vacant  3rd  orbitals,  enters  very  much  more  easily  than  carbon  into  reactions  of  the  SN2  type  with  nucleophilic 
reagents. 

We  were  unsuccessful  in  our  attempt  to  synthesize  tris(triethyisilyi)  phosphate  by  reaction  of  triethylsilanol 
with  phosphorus  oxychloride  in  presence  of  p)Tidine  in  accordance  with  the  equation* • 


3(C3il.-,)3SiUIl  -h  I'OCl:,  — >  ((QllilaSiOjaPO  4-  3C3H3N  •  IICI  •  (7) 

The  whole  of  the  triethylsilanol  was  recovered  unchanged,  and  the  phosphorus  oxychloride  formed  a  solid  complex 
with  pyridine  of  the  composition  3C5H5K  POCI3.  ** ’The  rate  of  reaction  of  phosphorus  oxychloride  with  pyridine 
is  evidently  very  much  greater  than  the  speed  of  reaction  (7). 

We  were  able  to  react  orthophosphoric  acid  with  hexaaikyldisiloxanes  in  accordance  with  the  equation 
3R3Si0SiB3  +  2ll3P04  ^  2(R3Si0)3l>0 +  31120.  (8) 


Hexaaikyldisiloxanes  are  known  to  easily  form  bis(trialkylsilyl)  sulfates  with  sulfuric  acid  [z2,23].  Phosphoric 
acid,  however,  practically  does  not  react  with  hexaaikyldisiloxanes  under  similar  conditions.  Hurd  showed  [24]  that 
*  We  may  point  out  that  triorganosilanols  can  only  react  with  weak  organic  acids  in  presence  of  electrophilic 
catalysts  (zinc  chloride,  sulfuric  acid). 

•*The  analogous  reaction  of  VOCI3  with  triorganosilanols  leads  to  formation  of  tris(triorganosilyl)  vanadates  [20]. 
**•  It  is  interesting  that  (CH3)3Si0R;0)Cl2  also  reacts  anomalously  with  alcohol  in  presence  of  pyridine  with  forma¬ 
tion  of  (CH3)3SiOC2H5  [14]. 
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ST)?  (sirupy)  orthophosphoric  acid  also  differs  from  sulf'.iric  acid  in.  not  causing  rearrangement  of  '•iloxancs  either 
at  ordinary  or  at  elevated  temperature.  Nevertheless,  if  the  water  of  reaction  is  at  once  withdrawn  (espenaily  in 
presence  of  H2S04  ur  ZnClz  as  catalyst),  hexaalkyldichlorosiloxanes  smoothly  react  with  orthophosphcrlc  acid 
according  to  equation  (8), 


We  propose  the  following  mechanism  of  reaction  of  hexaalkyldisiloxanes  with  orthophosphoric  acid  In 
presence  of  sulfuric  acid; 


UiSiOSiRa-l- ^  RaSi-iS-SiRa; 

I 

II 

RaSiOSiRj  +  (lI0)nP=-0  RaSiOHo  m  RaSiOP,^ 


H 


,0 


RaSiOMj  ^  RaSiOll  !- 11+  etc. 


(9) 


Concerning  the  action  of  zinc  chloride,  the  latter  functioning  as  an  ansolvo  acid  evidently  forms  a  strong 
complex  acid 


O 

H‘^[(HO)2p-0 -ZnCla]  . 

with  orthophosphoric  acid  which  is  also  a  catalyst  for  the  reactioa 

A  new  and  interesting  route  to  trls(trialkylsilyl)  phosphates  was  found  in  the  reaction  of  trlorganosilanes  with 
orthophosphoric  acid  in  presence  of  colloidal  nickel  as  catalyst. 


3RaSiH  +  (H0)3lM)  (R3SiO)3PO  -f  3II2. 


(10) 


This  reaction  differs  from  that  of  trlorganosilanes  with  boric  acid  [15]  in  that  it  is  accompanied  by  formation 
of  hexaorganodislloxanes  in  a  secondary  reaction  possibly  due  to  Interaction  of  trialkylsllanols  with  the  water  present 
in  the  orthophosphoric  acid  and  formed  during  its  dehydration  [25]. 


2RaSiII  +  noil  RaSiOSiRa  -f  II2. 


(11) 


Because  of  this  secondary  reaction,  the  yield  of  tris(triorganosilyl)  phosphates  does  not  exceed  60vo. 

In  our  opinion,  the  mechanism  of  the  nlokel-catalyzed  reaction  of  trialkylsllanes  with  acids  of  phosphorus 
and  with  other  substances  containing  OH  groups  Is  based  on  retention  by  the  positively  charged  surface  of  nickel 
of  hydride  hydrogen  bound  to  silicon  with  formation  of  a  surface  compound: 

RaSill  Ni  —  RgSi  •  .  •  II  •  •  •  Ni. 

The  reaction  is  apparently  completed  by  nucleophilic  attack  of  the  chemisorbed  molecule  by  the  hydroxyl 
containing  molecule  followed  by  recombination  and  dissociation. 

RaSi  ...  II  ...  Ni  RaSi 

t  —  I  +H2+Ni. 

R'-O-ll  R'-O 


We  cannot  submit  accurate  kinetic  evidence  in  support  of  this  mechanism.  It  is  consistent,  however,  with  the 
already  established  marked  dependence  of  the  reaction  rate  on  the  quantity  of  catalyst. 

All  of  the  tris{triorganosiIyl)  phosphates  that  we  prepared  are  stable  in  dry  air;  they  are  decomposed,  however, 
by  moist  air  with  cleavage  of  the  SiOP  bond.  Their  properties  are  set  forth  In  the  table. 
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Tris  (triorganosilyl)  Phosphates 


EXPERIMENTAL 


*  «  «  * 

«  ■*  «  « 


C  r;  X  X  CO 


o  X  r-  r*-  i 


V-  o  cc  lO 
CO  X  X 
O  X  X  X*  ci 


o  p  '  : 

O  o-  C 

X  w  c  ■ 


r  j  vf  X  ^5  in  ^  X 


C-  lO  X  lO  n  »r.  c: 
X  t  -  c^j  lo  »n  vr  c^j 

OOri'?'N7-vrv- 

^  vr  vr  vr  ^ 


Cl  Cl  X  X  X  in 

g  I  X  X  X  X  ^ 

O  *  5:  c: 

o  c:  c'  o  o  o 


-  :?  cx 

M  I  I  I 

—  X  X  O  X 

^  ^  ^  ^  ^  JSJ  ^ 


^  M 
U 

•  ^ 

§  ^  u 

o  ^ 

«  c 

u  S  '-' 

^  C 

2  w  N 


Starting  components.  Crystalline  orthophosphoric  acid 
and  phosphorus  pentoxide  ("chem.  pure  grades*)  were  used  with¬ 
out  supplementary  purification.  Triethylsilanol  was  prepared 
by  hydrolysis  of  triethylchlcrosilane  with  1  N  sodium  hydroxide 
solution  in  presence  of  phenolphthalein  as  indicator.  Triphenyl- 
silanol  was  synthesized  by  treatment  of  triphenylethoxysilane 
with  acetic  acid  in  presence  of  a  few  drops  of  sulfuric  acid  and 
was  purified  by  tv;o  recrystallizations  from  benzene.  Hexaalkyl- 
disilcxanes  were  prepared  by  hydrolysis  of  the  corresponding 
trialkylhalosilanes.  Triethylsilane  was  synthesized  by  reaction 
of  ethylmagnesium  bromide  with  ethyldichlorosilane.  All  starting 
organcsilicon  compounds  were  purified  by  distillation  through 
a  column  and  possessed  constants  agreeing  with  those  in  the 
literature. 

Analysis.  Silicon  was  determined  in  the  organosilicon 
compounds  by  treatment  of  a  weighed  sample  with  a  mixture 
of  oleum  and  nitric  acid,  filtration  of  the  precipitated  silicic 
acid  and  calcination  at  900“.  Phosphorus  was  determined  in  the 
filtrate  by  precipitation  with  magnesium  chloride  after  treat¬ 
ment  of  the  filtrate  with  aqueous  ammonia. 

Procedure  for  synthesis.  All  reactions  involving  formation 
of  water  were  carried  out  in  an  all -glass  apparatus  comprising 
a  round -bottomed  flask  connected  to  a  water  trap  with  a  tap 
and  to  a  reflux  condenser.  Water  was  removed  from  the  reac¬ 
tion  mixture  by  continuous  azeotropic  distillation  with  an  inert 
solvent  (benzene,  toluene)  and  was  collected  in  the  trap. 

Tris  (triethylsilyl)  phosphate  from  triethylsilanol  and 
phosphoric  acid  (reaction  1).  A  mixture  of  3.2 g  (0.02  mole) 
of  phosphorus  pentoxide,  16  g  (0.12  mole)  of  triethylsilanol  and 
100  ml  of  benzene  was  boiled  for  4  hr  until  water  ceased  to 
come  off  and  the  phosphorus  pentoxide  had  dissolved  complete¬ 
ly.  The  benzene  was  distilled  off  and  the  residue  fractionated 
in  vacuo.  There  was  obtained  9  g  (51*70)  of  tris  (triethylsilyl) 
phosphate  with  b.p.  202-205*  (10  mm);  njj  1.4445. 

Tris  (triethylsilyl)  phosphate  from  triethylsilanol  and 
orthophosphoric  acid  (reaction  4).  A  mixture  of  16  g  (0.12 
mole)  of  triethylsilanol,  4  g  (0.4  mole)  of  orthophosphoric 
acid  and  80  ml  of  benzene  was  boiled  for  6  hr,  during  which 
period  2.6  ml  of  water  was  distilled  off.  Fractionation  of  the 
reaction  mixture  (after  distillation  of  the  benzene)  gave  16  g 
(90.9*70)  of  tris  (triethylsilyl) phosphate  with  b.p.  175-181*  (3  mm). 
After  redistillation  the  compound  had  the  constants  given  in 
the  table. 

Tris  (triphenylsilyl'*  phosphate  from  triphenylsilanol  and 
orthophosphoric  acid  ^reaction  4).  Heating  of  a  mixture  of 
16.6  g  (0.06  mole)  of  triphenylsilanol,  1.96  g  (0.02  mole)  of 
orthophosphoric  acid  and  100  ml  of  toluene  for  8  hr  led  to 
separation  of  about  1  ml  of  water.  The  resulting  finely  crystal¬ 
line  precipitate  of  tris  (triphenylsilyl)  phosphate  was  twice  re¬ 
crystallized  from  benzene  and  had  rn.p.  244*.  Poorly  soluble 
in  acetone,  hexane  and  ethyl  acetate;  readily  soluble  in  butyl 
alcohol,  toluene  and  dioxane. 
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Tris(trlethylsllvl)  phosphate  from  phomhorus  oxychloride  and  trlethvlsllatiol  [ryprcsence  of  pyridine  (reaction 
7).  To  a  solution  of  16  g  (0.12  mole)  of  trieiiiylsilanol  and  8.7  ml  (0.11  mole)  of  pvrldlnc  in  120  ml  of  benzene, 
cooled  to  -3*,  was  slowly  added  a  solution  of  6.1  g  (0.04  mole)  of  phospl'.orus  oxychloride  in  30  ml  of  benzene  at 
such  a  rate  that  the  temperature  of  the  mixture  did  not  rise  above  +5*.  A  precipitate  at  once  began  to  come  down. 
After  the  whole  of  the  phosphorus  oxychloride  had  been  added,  the  mixture  was  heated  for  2  hr  at  70-80*.  The 
cooled  reaction  mixture  was  filtered,  and  the  precipitate  was  washed  with  dry  benzene  and  analyzed  for  Its  phos¬ 
phorus  content. 

Found  P  7.80,  7.37.  POCl3'3C5H5N.  Calculated  <70 ;  P  7.95. 

After  distillation  of  the  benzene  the  filtrate  was  distilled  In  vacuo  to  give  12  g  of  unchanged  trlethylsllanol 
and  a  small  quantity  of  the  product  of  Its  anhydridlzatlon— hexaethyldlslloxane.  A  repeat  experiment  gave  similar 
results. 

Trls(trlmethylsilyl)  phosphate  from  hexamethyldislloxane  and  orthophosphorlc  acid  (reaction  8).  a)  mixture 
of  19.5  g  (0.12  mole)  of  hexamethyldislloxane,  7.95  g  (0.08  mole)  of  orthophosphorlc  acid.  100  ml  of  benzene  and 
three  drops  of  sulfuric  acid  was  boiled  for  8  hr,  during  which  period  2.2  ml  of  water  came  off.  After  the  benzene 
had  been  distilled  off,  the  residue  was  fractionated  in  vacuo  to  give  6  g  (25‘7o)  of  tris(trlmethylsilyl)  phosphate  with 
b.p.  161rl.63*  (80  mm);  np»  1.4075. 

b)  A  mixture  of  39  g  (0.24  mole)  of  hexametliyldisiloxanc,  15.7  g  (0.16  mole)  of  orthophosphorlc  acid,  1  g 
of  zinc  chloride  and  100  ml  of  benzene  was  heated  under  similar  conditions  for  12  hr  and  gave  4.4  ml  of  water. 
Distillation  of  the  residue  gave  30  g  (60'7o)  of  tris(trlmcthylsilyl)  phosphate  wiili  b.p.  110-112*  (10  mm);  np^® 
1.4080. 

[(CH3)2C2H5SiO]3PO  and  [(C2 115)351013 PO  were  similarly  prepared  In  yields  of  45  and  51*70  respectively. 

Tris(triethylsilyl)  phosphate  from  triethylsilane  and  orthophosphorlc  acid  (reaction  10).  A  mixture  of  58  g 
(0.5  mole)  of  triethylsilane  and  0.5  g  of  nickel  chloride  was  refluxed  until  a  black  precipitate  of  colloidal  nickel 
had  formed.  The  reaction  mixture  was  cooled  and  15.7  g  (0.16  mole)  of  orthophosphorlc  acid  was  added.  Hydrogen 
came  off  when  the  mixture  was  heated  and  the  total  volume  evolved  after  4  hr  from  the  start  of  heating  was  8 
liters  (73'7)).  The  temperature  of  the  mixture  rose  to  207*.  Fractional  distillation  gave  21  g  of  hexaethyldlslloxane 
(C2H5)3SiOSI(C2H5)3  with  b.p.  100°  (4  mm);  n^^®  1.4330,  and  30  g  (54.5*70)  of  tris(trlethylsllyl)  phosphate  with' b.p. 
182*  (4  mm):  n^*®  1.4429. 

SUMMARY 

Four  new  methods  of  synthesis  of  tris(triorganosilyl)  phosphates  were  developed,  based  on  reactions  of  tri- 
alkylsilanols  with  phosphorus  pentoxlde  or  phosphoric  acid,  on  catalytic  scission  of  hexaalkyldlsiloxanes  by  phos¬ 
phoric  acid  In  presence  of  protonic  and  aprotonlc  acids,  and  on  reaction  of  trialkylsilanes  with  phosphoric  acid  In 
presence  of  colloidal  nickel.  These  methods  were  employed  for  preparation  of  four  trls(trlorganosilyl)  phosphates, 
two  of  which  were  previously  unknown. 
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The  nitrosation  of  2-phenanthrol  was  studied  with  the  aim  of  throwing  light  on  the  ability  of  nitroso  deriva¬ 
tives  of  hydroxyphenanthrenes  to  form  compounds  similar  to  those  previously  obtained  from  1- nitroso- 2- naphthol 
[1]  and  from  l-nitroso-2-antfirol  [2].  Some  properties  of  the  reaction  product  were  investigated. 

The  experiments  showed  that  nitrosation  of  2-phenanthrol  by  a  mixture  of  sodium  nitrite  and  zinc  chloride 
or  aluminum  sulfate  in  an  alcoholic  medium,  also  by  nitrous  acid  in  an  aqueous  medium,  proceeds  rather  sluggish¬ 
ly.  The  product  of  nitrosation  resembled  1- nitroso- 2- naphthol  and  l-nitroso-2-anthrol  in  forming  a  soluble  bisulfite 
compound  with  sodium  bisulfite.  Ihc  latter  is  quantitatively  decomposed  by  alkalies  to  a  salt  of  nitrosophcnanthrol 
and  sulfite.  This  facilitated  the  separation  of  the  nitrosophenanthrol  from  the  crude  nitrosation  product.  Reduction 
of  the  nitroso  compound  by  stannous  chloride  led  to  1- amino- 2-phenanthrol,  which  was  identical  with  the  product 
of  cleavage  of  the  azo  compound  of  2-phenanthrol  [3].  It  follows  therefore  that  the  nitroso  compound  has  the  struc¬ 
ture  of  l-nitroso-2-phenanthrol. 

The  bisulfite  compound  prepared  from  1- nitroso- 2-phenanthrol  has  the  composition  Ci4H5(NO)(OH)*NaHS03* 
O.5H2O.  It  is  stable  in  the  solid  state  and  in  neutral  or  weakly  acid  solutions  at  the  ordinary  temperature.  Reduction 
of  the  bisulfite  compound  by  excess  of  bisulfite  at  the  boil  or  by  stannous  chloride  in  hydrochloric  acid  leads  to 
l-amino-2-phenanthrol  and  1,2-dihydroxyphenanthrene,  whereas  reduction  with  sulfurous  acid  in  presence  of  hydro¬ 
chloric  acid  leads  to  isolation  of  only  1,2-dihydroxyphenanthrene.  The  structure  of  (1)  was  established  by  oxidation 
with  nitric  acid  to  l,2-phenanthrenequinone-4-sulfonic  acid  and  by  conversion  of  the  latter  with  p-toluidine  [3] 
into  the  p-toluidinc  salt  of  l,2-dihydroxyphcnanthrene-4-sulfonic  acid  which  was  identical  with  the  compound  ob¬ 
tained  directly  from  1.2-dihydroxyphenanthrcne-4-sulfonic  acid  [3].  Formation  of  (I)  on  reduction  of  the  bisulfite 
compound  with  stannous  chloride  is  analogous  to  the  conversion  of  the  bisulfite  compounds  of  1- nitroso- 2- naphthol 
and  l-nitroso-2-anthrol  under  similar  conditions  into,  respectively,  l-amino-2-naphthol-4-sulfonic  acid  [1]  and 
l-amino-2-anthrol-4-sulfonic  acid  [2],  but  in  lower  yield. 

Treatment  of  the  bisulfite  compound  of  nitrosophenanthrol  with  hydroxylamine,  semicarbazide  and  phenyl- 
hydrazine  in  an  acetic  acid  medium  gave  respectively  the  oxime,  semicarbazone  and  phenylhydrazone  of  the 
bisulfite  compound.  The  ability  of  the  bisulfite  compount  to  react  with  hydroxylamine  and  similar  compounds  and 
its  transformation  into  (I)  on  reduction  show  that  a  free  keto  group  is  present  and  that  the  sulfonic  group  is  in  the 
4-position.  On  this  basis  we  can  picture  the  bisulfite  compound  of  l-nittoso-2-phenanihrol  as  3,4-dihydro-l,2- 
phenanthrenequinone- l-oxime-4-sulfonic  acid  (ll),  and  we  can  represent  the  structure  of  its  oxime,  semicarbazone 
and  phenylhydrazone  by  formulas  (Ilia,  b,  c). 
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short- period  treatment  of  compound  (Ilia)  with  sodium  hydroxide  leads  to  removal  of  sulfurous  acid  and  to 
formation  of  1 ,2-phenanthrenrquinoncdioxime;  longer  treatment  with  alkali  gives  1,2-phenanthrofurazan  (IV); 
oxidation  of  1 ,2-phcnanthrene'iuinonedioxime  with  dilute  nitric  acid  leads  to  1,2-phcnanthrofuroxan  (V);  the  posl 
tion  of  tile  isolated  oxygen  atom  was  not  established. 
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Conversions  of  (11)  into  (Ilia)  and  of  the  latter  into  1 ,2-phenanthrenequInonedioxime  and  then  Into  (IV)  or 
(V)  arc  analogous  to  the  transformations  of  the  corresponding  derivatives  of  l-nitroso-2-naphthol  and  l-nltroso-2- 
-anthrol. 

EXPERIMENTAL 

1 -Nitroso-2-phenanthrol.  1)  To  a  solution  of  8.6  g  (0.01  mole)  of  90.2^o  2-phcnanthrol  in  a  mixture  of  8.66 
g  of  20.7 solution  of  sodium  hydroxide,  0.5  g  of  sulfite  lye  and  960  ml  of  water  at  2-4®  in  the  course  of  15  min 
was  added  10.9  g  of  17.47"  hydrochloric  acid.  To  the  resulting  suspension  was  added  6.07  g  of  sodium  nitrite,  and 
in  the  course  of  2-2.5  hr  at  2-4°  21  g  of  17.47"  hydrochloric  acid  was  run  in.  After  being  stirred  for  3-4  hr,  the 
mass  was  stood  overnight.  The  brownish-red  precipitate  was  filtered  and  washed  with  water.  Into  a  suspension  of 
the  precipitate  in  80  ml  of  water  were  run  14  g  (0,05  mole)  of  37.27" sodium  bisulfite  solution  and  0.75  ml  of 
pyridine,  and  the  suspension  was  stirred  for  48  hr  at  20-22°  until  the  red  color  had  disappeared.  The  insoluble  resi¬ 
due  was  filtered  (4.42  g  containing  58.27"  of  2-phenanthrol).  To  the  filtrate  was  added  28.7  g  of  20.77"  sodium 
hydroxide  solution;  the  suspension  of  the  precipitated  yellow  sodium  salt  of  1-nitroso- 2-phenanthrol  was  stirred  for 
20  min  and  poured  into  130  ml  of  67"  hydrochloric  acid.  The  red  precipitate  of  1-nitroso- 2-phenanthrol  was  filtered. 
Yield  4.0  g  (44.77"  calculated  on  the  phenanthrol  taken).  M.p.  175.6-176.4°  (decomp.).  After  prolonged  standing, 
the  filtrate  from  the  1-nitroso- 2- phenanthrol  deposited  0.5  g  of  1,2-dlhydroxyphcnanthrcne.  Needles  (from  dilute 
hydrochloric  acid)  with  m.p.  175.3-176°. 

2)  To  a  solution  of  1.02  g  of  99.87"  2-phcnanthrol  in  10  ml  of  alcohol  at  30°  was  added  a  solution  of  0.72  g 
of  987"  zinc  chloride  in  1  ml  of  water,  followed  in  the  course  of  1.5  bj  by  a  solution  of  0.8  g  of  sodium  nitrite  in 
1.5  ml  of  water.  The  mixture  was  boiled  for  2.5  hr.  The  red-brown  precipitate  was  filtered  and  washed  with  alcohol 
(unchanged  phenanthrol  was  found  in  the  aqueous  alcoholic  filtrate).  The  precipitate  was  stirred  with  dilute  hydro¬ 
chloric  acid,  and  the  impure  nitrosophenantlirol  was  filtered  and  washed  with  water;  yield  0.45  g,  m.p.  174-176° 
(decomp.). 

3)  To  a  solution  of  1.02  g  of  99.87"  phenanthrol  in  15  ml  of  alcohol  was  added  a  solution  of  1.2  g  of  crystal¬ 
line  aluminum  sulfate  in  1.5  ml  of  water  and  in  the  course  of  1  hr  a  solution  of  0.69  g  of  sodium  nitrite  in  2.5  ml 
of  water.  The  mixture  was  held  at  20-22°  for  18  hr.  The  brown  precipitate  was  filtered,  washed  with  water,  with 
dilute  hydrochloric  acid  and  again  with  water  and  alcohol;  weight  of  precipitate  0.3  g;  m.p.  132-136*.  Dilution  of 
the  alcoholic  filtrate  with  half  its  volume  of  water  led  to  separation  of  an  additional  0.56  g  of  solid  with  m.p.  118- 
122°.  Treatment  of  both  precipitates  with  bisulfite  and  decomposition  of  the  bisulfite  compound  yielded  0.35  g  of 
nitrosophenanihrol  with  m.p.  175-176°.  The  bisulfite-insoluble  residue  was  impure  phenanthrol. 
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l-Nitro'^o-i’- pbcnanrhrol  forms  red  needles  (from  alcohol  or  acetic  acid),  insolnhle  in  water,  sparingly  soluble 
In  cold  alcohol  and  acetic  acid.  M.p,  181.4-181.5“  (decomp.).  A  yellow-green  precipitate  comes  down  when  Iron, 
sulfate  Is  added  to  the  alcoholic  solution  acidified  with  acetic  acid. 

Found 'V-i:  C  75.40,  75.38;  H  4.26,  4.24;  N  6.33,  6.31.  Cj^HgCjN.  Calculated  :  C  75.32;  H  4.06;  N  6.27. 

1- Amino- 2-phenanthjol.  To  a  solution  of  1.13  g  of  l-nitroso-2-phenanthrol  (m.p.  181“)  In  50  ml  of  alcohol 
was  added  10  mi  of  38.5'7(i  solution  of  stannous  chloride  In  concentrated  hydrochloric  acid,  and  the  mixture  boiled 
for  an  hour.  The  aminophenanthrol  hydrochloride  was  filtered,  washed  with  dilute  hydrochloric  add  and  repreclplt- 
ated  from  alcohol  by  hydrochloric  acid.  Yield  1.12  g;  fine,  colorless  needles. 

piacetyl  compound;  fine,  colorless  needles,  m.p.  224.8-225.2“.  1- Amlno-2-phenanthrol  was  prepared  for 
comparison  by  reduction  of  the  azo  dye  from  2-phenanthrol  and  sulfanlllc  acid  with  sodium  hydrosulfite  [3].  M.p. 
224.5  225".  Mixture  of  specimens  of  the  diacetyl  compounds  had  m.p.  224.8-225.6“. 

Bisulfite  compound  of  l-nitroso-2-phenanthtol  (11).  To  a  suspension  of  6.69  g  (0.03  mole)  of  l-nltroso-2- 
phcnantiirol  (m.p.  181-181.3“)  in  60  ml  of  water  were  added  0.6  ml  of  pytidlne  and  16.77  g  (0.06  mole)  of  31.2°Jo 
sodium  bisulfite  solution.  The  suspension  was  stirred  at  18-20"  for  28  hr  (in  the  absence  of  pyridine  for  32  hr).  To 
the  solution  was  added  sodium  cliloridc  (20", V  by  volume),  and  the  precipitate  was  filtered  20  hr  later  and  washed 
with  sodium  cliloridc  solution,  alcohol  and  ether;  yield  of  87.C‘y.)  substance  7.82  g  (OO.SC'a)).  The  filtrate  was  made 
alkaline  with  rodiurn  hydroxide  and  acidified  with  hydrochloric  acid;  1.1  g  of  nitrosophcnanthrol  came  down  with 
m.p.  176-177".  After  prolonged  standing,  the  acid  filtrate  deposited  0.53  g  of  1,2-dihydroxyphenantlirene  with  m.p. 
171.3-173“  (diacctyl  derivative  with  m.p.  145-146";  a  mixture  with  the  diacetyl  derivative  obtained  via  1,2-phenan- 
threnequinone  [3]  melts  at  145.6-146.4"). 

The  bisulfite  compound  crystallized  from  90^o  alcohol.  The  sodium  salt  was  fairly  easily  soluble  in  water, 
sparingly  in  alcoliol;  at  the  ordinary  temperature  the  aqueous  solutions  are  yellow  but  they  turn  brown  when  heated. 

A  yellowish- green  precipitate  comes  down  when  the  aqueous  solution  is  treated  with  ferrous  sulfate  and  sodium 
carbonate.  ‘ 

Long,  colorless,  rectangular  plates;  contain  0.5  mole  of  water  which  is  not  removed  at  100-110";  decomposes 
at  115-120". 

For  analysis  of  the  bisulfite  compound,  a  0.4- 0.5  sample  was  dissolved  In  50  ml  of  water,  5  ml  of  40<7o  sodium 
hydroxide  solution  was  added,  followed  after  10  min  by  1500  ml  of  distilled  water.  The  solution  was  acidified  with 
10  ml  of  .34. d'ye!  hydrochloric  acid  and  the  orange-red  suspension  titrated  with  0.1  N  Iodine  solution. 

Found%:  G  49.73,  50.02;  H  3.45;  3.20;  N  4. 15.  4.09;  S  9.61,  9.46.  M  337. 7(iodometrically).  Ci4Hio05NSNA. 

•  0.5  H2O.  Calculated  :  C  50.00;  H  3.29;  N  4.16;  S  9.52.  M  336.3. 

Reduction  of  (II).  a)  With  sulfurous  acid.  The  crude  product  of  nitrosation  of  0.04  mole  of  90. "‘Vo  phenanthrol 
was  treated  as  described  above  with  0.08  mole  of  bisulfite  in  presence  of  pyridine.  Into  the  bisulfite  solution  was 
tun  10  ml  of  35.47o  hydrochloric  acid  and  the  well- stoppered  mixture  stood  for  7  days  at  20".  The  precipitated  1,2- 
dihydroxyphenantlirene  was  filtered  and  washed  with  water;  yield  3.32  g  with  m.p.  158-160.4";  fine,  colorless 
needles  (from  dilute  hydrochloric  acid),  m.p.  174.8-175.6".  Diacetyl  derivative:  fine,  colorless  needles  (from  aqueous 
alcohol),  m.p.  146.4-147.2".  A  mixture  with  the  diacetyl  derivative  prepared  via  1,2-phenanthrenequInone  [3] 
melted  at  146.2-146.6". 

b)  With  sodium  bisulfite.  A  solution  of  5.6  g  of  87.64^70  preparation  (II)  and  8.1  g  of  37.2'7o  bisulfite  solution 
in  150  ml  of  water  was  boiled  for  2  hr  until  (II)  disappeared.  After  the  solution  had  been  acidified  with  6  ml  of 
35.47/0  hydrochloric  acid,  3.48  g  of  reaction  product  came  down  in  the  course  of  5  days.  The  precipitate  was  sep¬ 
arated  into  its  components  by  heating  at  50-60"  with  a  solution  of  4.14  g  of  37.2'7o  sodium  bisulfite  solution  and 
2.04  g  of  crystalline  sodium  carbonate  in  100  ml  of  water;  the  insoluble  residue  was  filtered.  Treatment  of  the 
filtrate  with  hydrochloric  acid  brought  down  0.88  g  of  (I).  Fractional  crystallization  of  the  residue  from  dilute  hydro¬ 
chloric  acid  yielded  0.82  g  of  l-amino-2-phenanthrol  (diacetyl  derivative;  m.p.  225.2-226")  and  0.4  g  of  1,2-di- 
hydroxvphcnanthrene  (diacetyl  derivative;  m.p.  146.2-147"). 

c)  With  stannous  chloride.  To  a  solution  of  1.87  g  of  87.64‘7o  preparation  (II)  in  100  ml  of  water  was  added  a 
solution  of  2.4  g  of  stannous  chloride  in  5  ml  of  35.4*70  hydrochloric  acid,  and  the  mixture  was  stood  for  6  days  at 
18-20".  The  precipitate  was  filtered  and  washed  with  water  and  alcohol;  weight  1.1  g.  Treatment  for  separation  of 
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the  reaction  products  gave  0.32  g  of  (1)  and  0.54  g  of  a  mixture  of  l-amino-2-phenantlirol  (diacetyl  derivative: 
m.p,  225-226'’)  and  1 .2-diliydroxyphenanthrcnc  (m.p.  174-175”,  diacetyl  derivative  with  m.p.  146.2-146.8”). 

1- Amino-2-phcnantl^rol-4-sulfonic  acid  (I):  pale  grayisli.  small  needles,  insoluble  in  water  and  alcohol. 

With  nitrite  in  presence  of  copper  sulfate  it  forms  a  brown  solution  from  which  sodium  chloride  brings  down  yellow 
needles  of  diazo  compound.  I  he  diazo  compound  is  readily  soluble  in  water  and  sparingly  in  alcohol;  with  resor¬ 
cinol  in  a  sodium  carbonate  medium  it  forms  blue-viole.l  crystals;  with  2-paphihol-3,6-disiilfcnic  acid  it  docs  not 
give  a  coupling  product. 

Found ‘vo:  H2O  5.78  (dried  at  105-110”);  C  54.85,  54.75;  H  4.32,  4.5;  N  4.47,  4.39;  S  10.30.  Ci4Hu04NS-H20. 
Calculated  :  li,0  5.86;  C  54.71;  H  4.26;  N  4.56;  S  10.43. 

p-Toluidinc  salt  of  l,2-dihydroxyphenanihrene-4-sulfonic  acid.  A  suspension  of  0.61  g  of  (I)  In  10  ml  of 
20.22f7o  nitric  acid  was  stirred  ''or  8  hr  at  18-20".  The  dark-red  solution  was  filtered  and  sodium  chloride  (20^o 
by  volume)  was  introduced  into  the  filtrate.  The  red  precipitate  of  sodium  salt  of  phcnantlircnequinonesulfonic 
acid  was  filtered  and  rcprccipitated  from  aqueous  solution  with  alcohol.  Yield  0.35  g;  red  plates. 

To  a  solution  of  0.15  g  of  the  sodium  salt  in  7  ml  of  hot  water  was  added  0.05  g  of  p-toluidinc  and  the  mix¬ 
ture  stood  for  an  hour.  Addition  of  hydrochloric  acid  brought  down  the  p-toluidinc  salt  of  1,2-dihydroxyphcnan- 
thrcne-4-sulfonic  acid;  yield  0.09  g;  yellow  plates  (from  6-7*70  hydrochloric  acid)  with  m.p.  245.8-247.3"  (decomp.). 
This  salt  was  prepared  for  comparison  from  l,2-dihydroxyphenanthrene-4-sulforac  acid  [3];  m.p.  246-247"  (dccomp.). 
A  mixed  specimen  melted  at  246-247"  (dccomp.). 

Oxime  (Ilia).  To  a  solution  of  7.46  g  of  87.6*70  preparation  (II)  in  120  ml  of  water  was  added  3.26  g  of  crys¬ 
talline  sodium  acetate  and  1.53  g  oi  hydroxylamine  hvdrochloride,  and  the  solution  was  stood  for  38  hr  at  18-20”. 
Sodium  chloride  (20*7o  by  volume)  was  added  to  the  solution,  and  after  22  hr  the  sodium  salt  of  (Ilia)  was  filtered 
and  washed  with  sodium  chloride  solution,  alcohol  and  ether;  yield  5.95  g  (82.63*70). 

Sodium  salt  of  (Ilia):  long,  yellowish  plates  (from  alcohol);  rather  sparingly  soluble  in  water,  less  soluble  in 
alcohol;  gives  a  brown  color  with  ferric  chloride  in  an  aqueous  medium. 

Found  <7o;  11,0  5.03  (dried  at  120-125");  C  46.52,  46.77;  H  3.88,  3.95;  N  7.69,  7.70;  S  8.86.  C^HnOsNzSNa* 
H2O.  Calculated  *7o;  HjO  4.99;  C  46.66;  H  3.63;  N  7.77;  S  8.89. 

Semicarbazone  (Illb).  To  a  solution  of  1.95  g  of  83.6*7o  preparation  (II)  in  30  ml  of  water  were  added  a  solu¬ 
tion  of  0.62  g  of  semicarbazidc  hydrochloride  and  1.5  g  of  crystalline  sodium  acetate  in  7  ml  of  water;  the  mix¬ 
ture  was  stood  for  26  hr;  the  precipitate  was  filtered  and  washed  with  alcohol  and  ether.  Yield  1.93  g  (92*70).  The 
semicarbazone  was  reprecipitated  from  aqueous  solution  with  alcohol.  Yellowish  prisms,  sparingly  soluble  in  alcohol, 
more  soluble  in  water. 

Found  *7o;  C  42.72,  42.68;  H  4.12,  4.01;  N  13.48,  13.44;  S  7.71.  Ci5Hi305N4SNaX2H20.  Calculated  *7o :  C 
42.85;  H  4.07;  N  13.32;  S  7.62. 

Phcnylhydrazone  (IIIc).  A  solution  of  1.6  g  of  phenylhydrazine  hydrochloride  and  4.08  g  of  crystalline  sodium 
acetate  in  5  ml  of  water  was  run  into  a  solution  of  3.9  g  of  83.6*7o  preparation  (II)  in  60  ml  of  water.  The  mixture 
was  stood  for  12  lir.  The  precipitate  was  filtered  and  washed  with  alcohol  and  ether.  Yield  4.43  g  (94.05*7o).  Yellow¬ 
ish,  lustrous  needles  (from  alcohol),  readily  soluble  in  water  and  more  sparingly  in  alcohol.  The  substance  contains 
water  of  crystallization  which  partly  comes  off  at  120-130”.  The  substance  breaks  down  at  140". 

Found  *7o:  C  50.96,  50.97;  H  4.56,  4.72;  N  8.94,  9.03;  S  6.60.  C23Hjfi04N3SNaX3H20.  Calculated  *7o :  C  50.94, 

H  4.70;  N  8.91;  S  6.78. 

1,2-Phenanthrenequinonedioxime.  To  a  solution  of  7.2  g  of  (Ilia)  in  170  ml  of  hot  water  was  added  25  ml  of 
25.6*70  sodium  hydroxide  solution,  and  the  liquid  was  heated  to  70"  (a  red  precipitate  came  down).  The  mixture 
was  quickly  cooled  and  run  into  200  ml  of  6*7o  hydrochloric  acid;  sulfiir  dioxide  was  detected  by  odor,  and  a  yellow 
precipitate  came  down.  The  latter  was  filtered,  washed  with  water  and  dried  in  the  air;  yield  4.12  g.  The  filtrate 
yielded  0.56  g  of  (IV)  after  addition  of  excess  of  sodium  hydroxide  and  heating.  M.p.  172,2-172.6". 

A  solution  of  4.12  g  of  1,2-phenanthrcnequinonedioxime  was  made  up  in  250  ml  of  water  with  addition  of 
,10  ml  of  20*7o  sodium  hydroxide  solution.  The  insoluble  (IV)  was  filtered  and  washed  with  water  (0.33  g  with  m.p. 
168.8-171.6").  On  acidification  tlie  filtrate  deposited  3.68  g  of  1,2-phenanthrodioxime  [77.3*70  calculated  on 
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the  (II!a)1.  Yellow,  rccrancular  prisms  (from  aqueous  alcohol),  insoluble  in  water,  d  fficultly  soluble  in  alcohol 
and  acetic  acid;  orange-red  solutions  in  alkalies.  M.p.  178-178.2'  (dccomp,). 

Found  <7o:  N  11.68,  11.71.  C14H10O2N2.  Calculated  ^0 :  N  11.76. 

1.2- Phenantttrofurazan  (IV).  A  solution  of  3.6  g  of  (Ilia)  in  160  ml  of  Wjo  sodium  carbonate  solution  was 
boiled  for  3  hr.  The  precipitate  was  filtered  and  washed  with  water;  yield  2.15  g  (97.71/0),  m.p.  171-172'.  Yellow¬ 
ish  needles  (from  aqueous  alcohol)  with  m.p.  172.6-173',  insoluble  in  water,  soluble  in  alcohol,  less  readily  in 
acetic  acid. 

Found  <70:  C  76.29.  76.41;  H  3.60.  3.56;  N  12.76.  12.72.  C14H8ON2.  Calculated  ;  C  76.35;  H  3.66;  N  12.72. 

1.2- Phenanthrofuroxan  (V).  A  solution  of  2.38  g  of  1.2-phenanthrenequinoncdioxime  in  a  mixture  with  8 

ml  of  8.407‘’potassium  hydroxide  solution  and  160  ml  of  water  was  run  in  the  course  of  25  min  into  180  ml  of  20.22'7o 
nitric  acid  heated  to  65-70',  and  the  mixture  was  heated  at  90'  for  15  min.  The  precipitate  was  filtered  and  washed 
with  water;  yield  2.16g(92.33‘7o),  M  p.  219.8-220.5*.  Yellowish  needles  (from  alcohol)  with  m.p.  221.5-222',  in¬ 
soluble  in  water,  sparingly  soluble  in  alcohol  and  acetic  acid. 

Found  70:  C  71.27;  H  3.52;  N  11.89,  11.72.  C,4H802N2.  Calculated '7o;  C  71.18;  H  3.41;  N  11.86. 

SUM M  ARY 

1.  l-Nitroso-2-phonanthrol  is  converted  by  sodium  bisulfite  into  a  bisulfite  compound  which  with  hydroxyl- 
amine,  scmicarbazide  and  phenylhydrazine  forms  the  oxime,  semlcarbazone  and  phenylhydrazone  of  the  bisulfite 
compound. 

2.  Reduction  of  the  bisulfite  compound  with  stannous  chloride  gives  1-amino- 2-hydroxy-4-sulfonlc  acid  in 
addition  to  other  products. 

3.  The  structure  of  the  bisulfite  compound  corresponds  to  3 -,4- dihydro- 1,2- phenanthrenequlnone-l-oxlme- 
4-sulfonic  acid. 

4.  In  an  alkaline  medium  the  oxime  of  the  bisulfite  compound  is  converted  into  1,2-phenanthrenequinone- 
dioxime  and  then  into  1,2-phenanthrofurazan;  oxidation  of  1,2-phenanthrenequinonedioxime  with  nitric  acid  leads 
to  1,2-phenanthrofuroxan. 
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Alkyl  and  aryl  organometallic  derivatives  of  columbium  and  tantalum- as  indeed  of  the  majority  of  transi¬ 
tion  metals- have  not  previously  been  prepared.  Existing  literature  data  about  the  preparation  of  these  compounds 
arouse  serious  doubts  [1-3].  The  preparation  of  organometallic  compounds  cf  vanadium,  columbium  and  tantalum 
with  tlie  liclp  of  the  diazo  method  (with  decomposition  of  the  double  aryldiazonium  salts  with  chlorides  of  these 
metals)  has  not  been  described  in  the  literature.  One  of  us  [4]  prepared  double  aryldiazonium  salts  with  vanadium 
chloride  [4]. 


The  objective  of  the  present  work  was  the  preparation  of  double  aryldiazonium  salts  with  columbium  |>enta 
chloride  and  tantalum  pentachloride.  In  order  to  clarify  the  effect  of  electron- donating  and  electron- accepting 
substituents  on  the  properties  of  double  diazonium  salts,  diazonium  chlorides  with  various  aryls  (phenyl,  o-  and 
p-anisyl  and  p-nitrophenyl)  were  brought  into  reaction  with  columbium  pentachloride. 


Th(  very  marked  susceptibility  of  columbium  pentachloride  to  hydrolysis  with  formation  of  columbium  oxy¬ 
chloride  is  mentioned  in  most  literature  sources  (for  example  [5,6]X  In  presence  of  atmospheric  moisture  yellow 
columbium  pentachloride  does  indeed  rapidly  change  color  and  evidently  forms  the  white  columbium  oxychloride 
which  is  more  resistant  to  hydrolysis  and  does  not  undergo  further  hydrolysis  during  reactions  in  anhydrous  alcoholic- 
ethereal  media.  Therefore  in  place  of  the  proposed  double  diazonium  salts  on  the  basis  of  columbium  pentachloride 
the  double  salts  were  obtained  with  columbium  oxychloride. 

o-  and  p-anisyldiazonium  chlorides  were  brought  into  reaction  with  columbium  pentachloride  in  2;1  molar 
ratios  to  form  double  salts  wi±  the  constant  composition  (CH30C6ll4N2Cl)2'Nb0Cl3.  In  ader  to  establish  to  what 
extent  the  composition  of  the  salts  is  constant,  o-anisyldiazonium  salt  and  columbium  pentachloride  were  brought 
into  reaction  in  equimolar  ratio,  and  a  salt  of  the  above  composition  was  obtained  in  nearly  quantitative  yield, 
while  the  mother  liquor  contained  507o  of  columbium  pentachloride  which  had  not  reacted. 


In  analogy  with  the  salt  of  columbium  oxychloride  and  cesium  chloride  [7]  NbOCl3*2  CsCl,  the  formula 


[CH3(X6li4N2Cl]2  •  NbOCl3  corresponds  to  the  coordination  formula  (CH30GjH4N2]2'^ 


O  Cl 
ClNbCl 
Cl  Cl 


with  a  columbl 


um  coordination  number  of  7.  The  double  salt  of  phenyl  diazonium  chloride  with  columbium  oxychloride 
(CeH5N2Cl)3‘  NbOCl3  was  prepared  with  starting  comporeuts  in  2  :1  ratio.  A  salt  of  variable  composition  was 
obtained  if  the  starting  components  were  taken  in  ratios  of  3  :1  and  1:1  (in  the  former  case  with  a  higher  content 
of  diazonium  salt  and  in  the  latter  case  with  a  higher  content  of  columbium  oxychloride).  The  variable  compo¬ 
sition  of  the  salt  is  evidently  governed  by  the  influence  of  the  substituents  in  the  aryl  on  the  coordination  number 
of  the  metal  and  on  the  coordinative  capacity  of  oxygen.  Two  coordination  formulas  can  be  proposed  for  the 
salt  (C6H5N2C1)3-  NbOCljt 
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3- 


3“ 


c,  'i^  ,r,l 

4. 

Cl  “..tt 

(C^HjN.Cl), 

;Nb---cL 

and  (CjHjN^CUj 

Nb-Cl 

o"!  -Cl 

L  Cl  J 

-  Cl  J 

Nb  {d'sp’) 

NbfrfV) 

In  the  first  formula  columbium  has  the  coordination  number  of  8,  which  is  improbable  since  compounds  of 
columbium  with  this  coordination  number  are  unknown.  In  the  second  formula  the  coordination  number  of  columbi¬ 
um  is  7  with  oxygen  coordination  capacity  of  1.  A  double  diazonium  salt  is  not  usually  detected  when  p-nitro- 
phenyldiazonium  chloride  is  reacted  with  columbium  pentachloride.  Similarly  no' double  salt  is  found  after  reac¬ 
tion  with  vanadium  chloride,  although  other  double  diazonium  salts  with  vanadium  chloride  are  considerably  more 
stable  than  the  corresponding  double  diazonium  salts  with  columbium  oxychloride. 

The  salts  obtained  are  in  the  form  of  nearly  colorless  crystals,  very  hygroscopic  and  quickly  decomposing 
at  above  0".  Salts  with  o-  and  p-anisyldiazoninm  chlorides  arc  more  resistant  to  hydrolysis  and  thermal  treatment. 
Introduction  of  the  ek  ctron-donating  metlioxyl  group  into  the  phenyl  radical  thus  increases  the  stability  of  double 
diazonium  salts  with  columbium  oxychloride  as  well  as  the  corresponding  salts  with  vanadium  chloride.  .According 
to  the  literature  [8]  for  salts  of  heavy  metals,  on  the  other  hand,  the  electron-accepting  nitro  group  enhances  the 
stability  of  dttiibk  diazonium  salts. 

Nutnerous  attetttpts  at  preparation  under  the  same  conditions  of  aryldiazonium  salts  witli  tantalum  penta¬ 
chloride  were  unsticcessful.  Mixing  of  alcoholic-ethereal  solutions  of  p-anisyldlazonitim  chloride  with  tantalum 
pentachloride  led  to  separation  of  an  oily  product  tliat  could  not  be  made  to  crystallize.  The  product  has  tlie 
properties  of  double  diazonium  salts:  it  decomposes  with  deflagration  (slow  decomposition  is  accompanied  by  nitro¬ 
gen  release),  and  is  easily  hydrolyzed  with  separation  of  tantalic  acid  gel.  Dissolution  of  tantalum  pentachloride 
in  absolute  alcohol  is  accompanied  by  heat  liberation  and  evolution  of  hydrogen  chloride,  probably  due  to  alcoholy¬ 
sis.  Tltc  literature  fO]  actually  reports  that  dis.solution  of  tantalum  pentachloride  in  the  cold  in  anhydrous  alcohol 
gives  esters  of  tantalic  acid  chlorides.  On  tlte  assumption  that  tlie  small  quantities  of  tantalic  acid  esters  formed 
during  dissolution  of  tantalum  pentachloride  in  anhydrous  alcohol  hinder  the  crystallization  of  the  resulting  double 
diazonium  salt,  reactions  were  subsequently  carried  out  in  solutions  in  acetone  or  carbon  disulfide;  but  crystalline 
salts  were  not  obtained. 

According  to  the  literature  [0],  an  ester  of  tantalic  acid  chloride  13012(002115)3,  is  formed  when  tantalum 
pentachloride  dissolves  in  absolute  alcohol  in  the  cold.  This  ester  can  be  obtained  in  the  solid  form  after  distilla¬ 
tion  of  the  alcohol  and  drying  in  vacuo.  This  substance  was  isolated  and  brouglit  into  reaction  with  p-anisyldiazoni- 
um  chloride.  In  this  case  an  oily  product  is  likewise  obtained  in  alcoholic-ethereal  solutions.  Performance  of  the 
reaction  in  acetone  solution  yielded  a  crystalline  precipitate  with  the  properties  of  double  diazonium  salts  but 
which  on  analysis  was  found  to  contain  chlorine,  nitrogen  and  tantalum  in  amounts  not  consistent  with  the  formula 
[p-CH30CeH4N2Cl]x  *[TaCl2(OC2H5)3]y  '^ith  various  ratios  of  components. 

Reaction  of  phenyldiazonium  chloride  with  tantalum  pentachloride  was  carried  out  in  alcohol-ether  solutions; 
in  all  cases  the  phenyldiazonium  chloride  was  recovered  in  admixture  with  a  minute  quantity  of  tantalum  penta¬ 
chloride. 

Formation  of  double  diazonium  salts  with  tantalum  pentachloride  is  probably  hindered  by  the  circumstance 
that  salts  of  pentavalent  tantalum  are  very  much  more  susceptible  to  hydrolysis  than  salts  of  columbium. 

EXPERIMENTAL 

Starting  substances.  Columbium  pentachloride  was  prepared  from  columbium  pentoxide  [10]  by  heating  in 
scaled  tubes  with  carbon  tetrachloride.  The  columbium  pentoxide  consisted  of  99.57<’Nb205  and  0.47'7f'  Ti02.  Tan¬ 
talum  pentachloride  was  prepared  by  chlorination  of  metallic  tantalum  (99. S'^-')  in  a  quartz  tube  at  350’  [5], 

Reaction  of  p-anisyldiazonium  chloride  witli  columbium  pentachloride  Preparation  of  the  double  salt  of 
p-anisyldiazomum  chloride  with  columbium  oxychloride  To  a  suspension  of  .3.2  g  (0.012  mole)  of  columbium 
pentachloride  in  30  ml  of  absolute  ether  at  0’  was  added  12  ml  of  anhydrous  alcohol. 

A  solution  of  3.8  g  (0.024  mole)  of  p-anisidinc  hydrochloride  in  18  ml  of  absolute  alcohol  was  diazotized 
at  0’  with  0  ml  of  isoamyl  nitrite. 
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At  0*  a  solution  of  columbujm  pentachloride  was  added  to  the  diazonium  salt  solution;  the  solution  became 
brown  and  a  precipitate  came  down.  The  mixture  was  stood  at  0*  for  20-30  min  (rigorous  exclusion  of  moisture  is 
necessary).  The  precipitate  was  filtered  quickly  ( with  exclusion  of  bubbles  of  air),  and  washed  several  times  with 
anhydrous  alcohol-ether  mixture  for  removal  of  traces  of  isoamyl  nitrite.  The  resulting  product  was  dried  in  a 
vacuum-desiccator  over  phosphorus  pentoxide.  Yield  4.6-5. 3  g  (69-80®!'c’).  The  salt  formed  greenish-gray  crystals, 
poorly  soluble  in  anhydrous  alcohol  and  acetone,  insoluble  in  ether,  readily  soluble  in  water;  it  hydrolyzes  rapid¬ 
ly  with  separation  of  columbic  acid. 

It  decomposes  with  deflagration  at  145- 146°.  In  absence  of  moisture  it  can  be  stored  in  a  refrigerator 
without  appreciable  breakdown  tor  3-4  weeks.  A  fres'uly  prepared  product  must  be  taken  for  analysis.  Nitrogen  was 
determined  by  the  Humas  method,  columbium  by  the  gravimetric  method  as  Nb205.  and  chlorine  by  the  volumetric 
mcrcurimetric  method  [11]. 

Found  N  10.48.  10.58;  Cl  31.55,  31.58;  Nb  17.12,  16.97.  (p*CH30C6H4N2Cl)2XNb0Cl3.  Calculated  % 

N  10.07;  Cl  31.90;  Nb  16.69. 

Reaction  of  o- anisyldiazoniiim  chloride  with  columbium  pentachloride.  Double  salt  of  o-anisyldiazonium 
chloride  and  columbium  oxychloride.  Prepared  along  the  same  lines  as  the  previous  salt  w’ith  p-anisyldiazonium 
chloride.  Starting  components  were  1.08  g  (0.004  mole)  of  columbium  pentachloride,  dissolved  in  a  mixture  of 
10  ml  of  absolute  ether  and  1  ml  of  anhydrous  alcohol,  and  1.2  8  g  (0.008  mole)  of  o-anisidine  hydrochloride  in 
6  ml  of  anhydrous  alcohol.  Diazotization  of  the  mixture  was  effected  with  2  ml  of  isoamyl  nitrite,  Yield  1.4  g 
(68.5*7'').  A  crystalline  substance  with  a  yellowish  tinge.  It  had  all  the  properties  of  the  p-anlsyldlazonium  salt. 

It  decomposed  with  deflagration  in  a  test  tube  at  140*. 

Found  *’/•;  N  9.87  9.56;  Cl  31.43,  31.59;  Nb  i7.24,  17.22.  (o-CH30C6H4N2Cl)2VNbOCl3.  Calculated  °lo-. 

N  10.(17;  Cl  31.90;  Nb  16.69. 

> 

Same  reaction  with  l;l^ratio_of  reactants.  From  1.08  g  (0.004  mole)  of  columbium  pentachloride  and 
0.65  g  (0.004  mole)  of  o-anisidine.  Iiydrochloride  was  obtained  1.05  g  (95  4*70)  of  the  double  salt  of  o-anisyl¬ 
diazonium  chloride  with  columbium  oxycliloride. 

Found  %.  N  10.46;  Cl  31.43;  Nb  17.04. 

Plienvldiazonium  reaction  with  columbium  pentachloride.  Double  salt  of  phenyldiazonium  chloride  and 
columbium  oxychloride.  Prepared  by  the  previous  procedure  from  1.1  g  (0.008  mole)  of  aniline  hydrochloride 
(suspension  in  5  ml  of  anhydrous  alcohol),  diazotized  with  1.6  ml  of  isoamyl  nitrite,  and  1.0  8  g  (0.004  mole) 
of  columbium  pentachloride  in  .solution  in  anhydrous  alcohol- ether.  Yield  1.3  g  (81.2*70  calculated  on  the  aniline 
hydrochloride).  The  salt  forms  fine,  light,  pale-yellow  crystals,  easily  soluble  in  water.  It  quickly  hydrolyzes. 
Decomposes  with  detonation  in  a  test  tube  at  85-86°  It  is  considerably  less  stable  than  the  salts  with  anisyldiazo- 
nium.  It  breaks  down  appreciably  after  a  few  days  under  the  same  storage  conditions. 

Found  %.  N  13.28;  Cl  32.97,  33.09;  Nb  14.35,  14.40.  (CgHsNjClls-NbOClj.  Calculated  %  N  13.18;  Cl 
33.44;  Nb  14.58. 


SUMMARY 

1.  Reaction  of  aryldiazonium  chlorides  with  columbium  pentachloride  leads  to  formation  of  compounds  of 
aryldiazonium  salts  with  columbium  oxychloride  due  to  hydrolysis. 

2.  It  is  shown  that  replacement  of  a  hydrogen  in  a  phenyl  gioup  by  an  electron-donating  group  (CH3O)  im¬ 
proves  the  stability  of  the  double  diazonium  salts  with  columbium  oxychloride,  while  introduction  of  an  electron- 
accepting  group  (N02)  generally  prevents  formation  of  a  double  diazonium  salt. 

3.  It  is  shown  that  double  salts  of  aryldiazonium  salts  with  tantalum  pentachloride  are  not  formed  under 
similar  conditions. 
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Earlier  investigations  in  our  laboratory  established  that  alkyllithiums  add  on  with  facility  to  vinylalkylacety- 
lenes  with  formation  (after  treatment  of  the  reaction  mixture  with  water)  of  symmetrically  disubstituted  allenes 
(1,4-addition).  Tclomcrizarion  practically  does  not  occur  if  the  reaction  is  performed  at  low  temperahires.  We 
attributed  this  behavior  to  the  poor  reactivity  of  the  resulting  organolithium  compounds  witli  a  lithium  atom  at 
the  double  bond  in  comparison  with  the  reactivity  of  the  original  alkyllithiums  [1]. 

It  was  interesting  to  establish  the  sequence  of  addition  of  alkyllithiums  to  hydrocarbons  containing  a  more 
extended  conjugated  chain  of  double  boi.ds,  in  particular  to  dienic  hydrocarbons.  Here  we  could  expect  formation 
of  1,2-,  1,4-  and  1,6-adducts.  Addition  of  radicals  to  the  central  carbon  atoms  was  hardly  probable  and  has  never 
been  observed  [2]. 


CIl2-=ClI-C=C-CH=CH2 


n-i.i. 


Cni^Cll-fer-CHo-ClIz-R  (1.  2-adduct) 
Cn2=Cn-C!I=D=CH-Cn.2-R  (1,  4- adduct) 
CMa-CHr-C— C=cn-Cll2-R  (1.  6- adduct) 


It  has  already  been  reported  in  a  short  communication  that  alkyllithiums  actually  add  on  to  divinylacety- 
lene  in  the  1,4- position  with  formation  of  vinylallenic  hydrocarbons  [3]. 

The  structure  of  the  latter  was  verified  by  their  infrared  spectra  (absorption  bands  of  vinyl  groups  and  of  the 
allenic  system  were  found  but  bands  of  the  acetylenic  bond  were  not  detected)  and  by  hydrogenation  to  the  corres¬ 
ponding  saturated  hydrocarbons. 

In  the  present  communication  we  consider  tlie  addition  of  alkyllitliiums  to  the  nearest  homolog  of  dlvinyl- 
acetylene— vinylisopropenylacetylenc  (2-methyl-l,5-hexadien-3-yne). 


Unlike  divinylacctylene,  vinylisopropenylacctylcne  has  an  unsymmctrical  structure.  Addition  of  an  alkyl 
can  take  place  here  at  the  vinyl  or  at  tlie  vinyl  or  at  tire  isopropenyl  group  with  formation  of  vinyl-  and  iso- 
propenylallenic  hydrocarbons  (I)  and  (H). 


CH2=C-C=C— CH-=CH2 
CM3  \ 

R  -Cl  i2-r— -G=cn  -c:h=-ch2  ci  ij^c-ci  i^.-=ch-cm2-  r 


I 

CH3 


CH3 


(!) 


(ID 


•  Dienynes.  IV. 
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The  existence  of  a  dipole  moment  in  vinylisopropcnylncctylenc  is  evidence  of  a  shift  of  the  electron  density 
in  its  molecule,  evidently  in  tli '  direction  of  the  isopropcnyl  erenp  [  *].  nieetrophilic  addition  of  alkyl  hypobro- 
niites  to  vinylisopropcnylacctyli  ne  actually  takes  place  at  this  group  [5].  Alkyllithiums  contain  a  strongly  polar¬ 
ized  covalent  bond  and  the  radical  is  anionoidic  in  character  [6].  In  the  light  of  these  considerations,  we  should 
expect  addition  of  radicals  to  the  electron-deficient  vinyl  group 

Such  an  order  of  addition  of  alkyllithiums  could  he  predicted  on  the  basis  of  the  radical  nature  of  the  process. 
The  methyl  group  screens  the  double  bond  in  the  isopropenyl  group,  and  radical  processes  are  extremely  sensitive 
to  the  action  of  sterlc  factors. 

Addition  of  alkyllithiums  actually  took  place  nearly  exclusively  at  the  vinyl  group. 

In  the  infrared  spectrum  of  the  original  hydrocarbon  the  vinyl  group  is  represented  by  extremely  strong  de¬ 
formed  frequencies  at  920  and  967  cm"'  and  the  Isopropenyl  group  by  the  890  cm"'  frequency  [5].  In  the  spectra 
of  the  hydrocarbons  prepared  from  vinylisopropenylacetylene  by  addition  of  alkyllithiums,  the  frequencies  of  the 
vinyl  group  are  substantially  absent  but  the  frequency  of  the  isopropenyl  group  is  retained  (Fig.  1).*  In  the  region 
of  valence  vibrations  of  the  double  bonds,  strong  absorption  is  observed  only  at  1620-1680  and  1940  cm"'.  The 
hydrocarbons  consequently  have  tlie  structure  (II),  i.e.,  they  are  isopropenylallcncs. 


Fig.  1.  Infrared  transmission  spectra;  1)  2-methyl- 1,3, 4-octatricne, 
2)  2-mcthyl- 1,3,4-nonatriene,  3)  2,7-dimethyl- 1,3, 4-octatriene, 

4)  2-methyl- 1 ,3, 4-decatriene,  5)  2,3-dimethyl- 1,3,4-nonatriene, 
6)  2,7,7-trimethyl- 1,3,4-  octatriene. 


•The  extremely  feeble  frequencies  in  the  900-1000  cm”'  region  can  only  be  associated  with  a  very  small  trace 
of  vinyl  compounds  in  the  basic  substance  (of  the  order  of  5‘7'').  These  frequencies  might  also  be  overtones  or  may 
relate  to  chain  vibrations. 
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Constants  and  Analytical  Data  for  Isopropenylallenes 
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This  conclusion  about  the  structure  of  the  adducts  was  a’so  confirmed  by  oaonolysis  reactions.  O/.onioation 
of  the  hydrocarbons  gave  the  corresnonding  carboxylic  acids  Car^'onvl  compounds  were  obtained  in  quantities 
indicating  the  presence  of  a  small  proportion  of  isomers  of  (I) 

Isopropenylallenes  are  colorless  liquids  with  a  characteristic  unpleasant  odor,  turning  yellow  after  prolonged 
storage  Introduction  of  a  more  branched  radical  results  in  decrease  in  boiling  points,  specific  gravities  and  refrac¬ 
tive  indices.  The  magnitude  of  the  exaltation  of  molecular  refraction  is  here  larger  than  in  the  case  of  vinylallenes 
(2,3-2. 4). 

The  infrared  spectra  of  vinyl-  and  isopropenylallenes  differ  in  several  respects  from  those  of  disubstituted 
allenes  [7]. 

The  spectra  of  vinylallenes  (Fig.  2)  contain  the  fairly  strong  valence  vibration  frequency  of  the  double  bond 
at  1615  cm"*  and  extremely  strong  deformed  CH-vibration  bands  of  the  vinyl  group  at  990  and  895  cm  '. 

All  these  are  absent  from  the  spectra  of  disubstituted  allenes.  A  similar  deformation  band  of  the  allenic 
grouping  (878  cm"')  is  observed  as  an  extension  on  the  considerably  more  intense  cm  "*  band. 


Fig.  2.  Infrared  transmission  spectra;  1)  1,3,4-octatriene,  2)  1,3,4-decatriene, 

3)  8-methyl- 1,3, 4-nonatriene,  4)  1,3,4-undecatriene. 

The  characteristic  frequencies  of  the  conjugated  CH2  =  CR2  grouping  (3100,  1615  and  840  cm"*)  appeared 
in  the  infrared  spectra  of  isopropenylallenes  (Fig.  1).  The  880  cm’*  frequency,  characteristic  of  disubstituted  al¬ 
lenes,  is  here  not  differentiated.  With  increasing  branching  of  the  radical  added  to  the  conjugated  system,  the 
absorption  increases  in  the  1200  cm’*  region. 

EXPERIMENTAL 

To  an  ethereal  solution  of  alkyllithium,  prepared  from  6  g  of  lithium  and  0.4  mole  of  alkyl  chloride  in 
400  ml  of  ether  at  -35°,  was  added  about  0.1  mole  of  vinylisopropenylacetylcne  with  good  mechanical  stirring. 
After  the  lapse  of  20-60  min,  the  reaction  mixture  was  treated  with  water  and  fractionally  distilled.  Results  of 
some  experiments  and  the  analytical  data  are  set  forth  in  the  table. 

Ozonolysis  of  2. 9  g  of  the  hydrocarbon  obtained  from  vinylisopropenylacetylcne  and  butyilithium  gave  a  mix 
ture  of  acids  and  a  small  quantity  of  carbonyl  compounds  (in  the  form  of  2,4-dinitrophenylhydrazone- 0.6  g). 
Among  the  acids  were  found  formic  (by  calomel  test)  and  butyric  (nitroprusside  test  and  odor)  acids  [8]. 

We  were  able  to  isolate  the  2,4-dinitrophenylhydrazone  of  methyl  propyl  ketone  from  the  mixture  of  di- 
nitrophenylhydra zones.  This  ketone  must  have  been  formed  by  ozonolysis  of  the  isomer  of  (I). 
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SUMMARY 


1.  The  sequence  of  addition  of  alkylllthiums  to  vinylisopropenylacetylene  was  Investigated. 

2.  It  was  shown  that  alkyl  radicals  are  added  preferentially  from  the  side  of  the  vinyl  group  with  fotrr.ation 
of  isopropcnylallenes. 

3.  Some  special  features  of  the  infrared  spectra  of  vlnylacetylenlc  and  isopropenylallenlc  hydrocarbons 
were  noted. 
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Vinylacetylenic  hydrocarbons  (disnbstituted  acetylenes)  readily  add  on  alkyllithiums  with  formation  (after 
treatment  of  the  reaction  mixture  with  water)  of  allenic  hydrocarbons  [1],  Under  similar  conditions  divinylacety- 
lenic  hydrocarbons  give  alkcnylallenes  [2],  The  yield  of  allenes  exceeds  707^  if  this  reaction  is  performed  at  low 
temperature  in  ether,  and  hardly  any  high-boiling  products  are  formed. 

Continuing  the  study  of  reactions  of  alkyllithiums  with  compounds  containing  an  enynic  system  of  bonds, 
we  became  interested  in  the  reaction  of  alkyllithiums  with  silicon-containing  vinylacetylenes,  and  first  of  all 
with  trialkylvinylethynylsilanes.  The  presence  of  a  silicon  atom  in  a  conjugated  system  could  easily  alter  the 
sequence  of  addition  of  alkyllithiums  since  the  carbon— silicon  bond  differs  appreciably  in  character  from  the 
carbon— carbon  bond  and  approximates  to  a  double  bond  [3]. 

In  the  literature  on  this  subject  we  found  only  one  paper  by  Petrov,  Sadykhzade  and  Egorov  [4]  on  the  action 
of  methyllithium  on  trimethylvinylethynylsilancs  and  of  butyllithium  on  triethylvinylethynylsilane.  These  authors 
concluded  that  the  reaction  products  arc  acetylenic  compounds.  The  Raman  spectrumof  tlie  resulting  organosilicon 
compounds  actually  contained  a  triple-bond  frequency. 

We  have  investigated  the  addition  to  trimcthylvinylethynylsilane  of  ethyllithium.  propyllithium,  isopropyl- 
lithium,  butyllithium  and  tcrt-butyllithium.  After  the  reaction  product  liad  been  treated  with  water,  adducts  of 
the  anticipated  composition  (CH3)3Si— C4H4— R  were  obtained  in  all  cases. 

Depending  on  the  order  of  addition  of  the  alkyllithiums,  they  can  have  the  following  structure: 


(CMajnSi-feC-CHj-CUa-n 

(I) 

(cii3)3-si-c=cn-cn--CH2 

1 

H 

(IV) 

(Cl  13)381  -CH=C=CH-Cll2-  R 

(11) 

(0113)38! -C=.C=CH -CH3 

1 

(V) 

(CIl3)3Si-C-C-Cll-CH3 

1 

R 

(III) 

1 

R 

(0113)38! -CH=C—Cll^CHo 

1 

n 

(VI) 

R 


The  infrared  spectra  of  all  of  the  adducts  contained  valence  vibration  frequencies  of  the  triple  bond  (2175 
cm"*)  and  of  the  allenic  bond  system  ( 1938  cm"*).  In  the  spectral  region  characterizing  the  valence  vibrations  of 
double  bonds,  no  absorption  was  observed  (Fig.  1).  These  data  indicate  that  the  adducts  in  question  are  mixed 
acetylenic  and  allenic  compounds  and  that  formulas  (IV)  and  (VI)  can  be  rejected. 


•  Enynic  compounds.  XLII. 
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Fig.  1.  Inirarcd  iraiisniission  spectra  of  silicohydrocarbons  obtain¬ 
ed  from  produc^s  of  addition  to  trimethylvinylethynylsilane;  1) 
efliyllithiiim,  2)  propylliihium,  3)  isopropyllithium,  4)  butyllithium, 
5)  tert-biityllitliiiim. 


Fig.  3.  Infrared  transmission  spectra  of  hydro¬ 
carbons  obtained  by  hydrolysis  of  the  adducts; 
1)  ethyllithium  (45‘7.’of  acetylene),  2)  ethyl- 
lithium  (4871?  acetylene),  3)  butyllithium. 


Fig.  2.  Infrared  transmission  spectra; 

1)  trimethylhe.xylsilane.  2)  trimethyl- 
octylsilane  (the  dashed  plot  relates  to 
the  frequency  of  specimens  obtained  via 
the  organomagnesium  compounds). 

Hydrogenation  over  Pd/CaC03  of 
silicohydrocarbons  prepared  from  the 
ethyll’thium  and  butyllithium  adducts 
gave  trimethylhexyl-  and  trimethyl- 
octylsilane  respectively.  The  structure 
of  the  latter  was  verified  by  comparison 
of  their  infrared  spectra  with  the  spectra 
of  authentic  specimens  of  these  silico¬ 
hydrocarbons  (Fig.  2),  Consequently, 
all  formulas  except  (1)  and  (II)  are 
excluded. 

The  ratio  between  acetylenic 
and  allenic  isomers  was  determined  on 
the  basis  of  hydrolysis  data.  The  ratio 
could  also  be  evaluated  from  the  inten¬ 
sities  of  the  1938  and  2176  cm"*  bands 
in  the  infrared  spectra  (Fig.  3)  and  from 
the  magnitude  of  the  molar  refraction. 

Hydrolytic  cleavage  of  the  two 
silicohydrccarbons  with  R=C2H5and 
C4H9  gave  hexamethyldisiloxane  and 
mixtures  of  acetylenic  and  allenic  hydro¬ 
carbons  with  the  composition  CgHjo  and 
Q^^i4  (see  scheme  below). 

Allene- acetylene  isomerization 
was  excluded  here  because  hydrolysis 
was  carried  out  at  65-70*. 

The  content  of  acetylenic  iso¬ 
mer  in  the  mixture  was  determined 
analytically  [5].  It  varied  slightly 
from  one  experiment  to  another. 

Some  data  are  presented  in  the  table. 


The  calculated  values  of  molar  refraction  for  the  allenic  isomer  (II)  are  U.67  higher  than  those  of  the  acety¬ 
lenic  isomer  (I).  Judging  by  the  tabulated  data,  the  pure  allenic  isomers  must  have  an  exaltation  of  the  order  of 
1.25.  Tliese  data  enable  calculation  of  the  probable  composition  of  mixtures  of  adducts  (I)  and  (11). 

(I)  llfeC-CH2-Cn2-R  + (CH3)3Si-0-Si(CH3)3 
(II)  — *  CH2=C=CH— CH2-R -f  (CH3)3Si-0-Sl(CH3)3 
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It  has  consequently  been  demonstrated  that  alkyllithinms  add  on  to  trimethylvinylethynylsilane  with  forma¬ 
tion  of  a  mixture  of  allcnic  and  acetylenic  compounds.  i.c.,a  result  different  from  that  obt.uncd  with  the  analo¬ 
gously  constructed  vinylalkylacetylenes.  The  change  in  order  of  addition  is  evidently  caused  by  triple  bond  elec¬ 
tron  interaction  with  the  outer  shell  of  the  silicon  atom  and  by  steric  factors. 

Allenic  isomers  were  not  detected  by  the  previously  mentioned  investigators  [4],  probably  because  the 
Raman  spectra  used  for  verification  of  structure  do  not  always  definitely  exhibit  the  frequencies  characteristic  of 
the  allenic  grouping.  Judging  by  the  value  of  the  molar  refraction,  the  methyllithium  adduct  contained  about 
of  acetylenic  isomer,  whereas  the  butyllithium  adduct  contained  only  about 

The  course  of  the  curve  of  rate  of  hydrogenation  of  mixtures  of  adduets  (I)  and  (II)  is  noteworthy.  As  we 
see  from  Fig.  4,  the  first  hydrogen  molecule  is  taken  up  with  accelerating  speed,  while  the  second  molecule  com¬ 
bines  at  a  very  much  slow'er  rate. 

EXPERIMENTAL 

To  a  solntion  of  alkyllithium,  prepared  from  6  g  of  lithium 
and  (1.4  niolc  of  the  corresponding  alkyl  chloride  in  400  ml  of 
ether,  was  added  about  0.1  mole  of  trimofhylvinylcthynylsilane 
at  -35’  witli  good  stirring.  After  20-30  min,  the  reaction  mixture 
was  treated  with  water  and  fractionally  distilled.  The  constants  of 
the  products,  their  yields  and  analytical  data  are  set  forth  in  the 
table. 

a)  Hydrogenation  of  5.93  g  of  the  substance  obtained  by  addi¬ 
tion  of  ethyllithium  over  5  g  of  Pd/CaCOs  in  30  ml  of  methanol  led 
after  40  min  to  absorption  of  864  ml  of  Hj('i’68.5  mm,  27’),  which 
is  equivalent  to  90‘yoof  the  theoretical  amount.  The  reaction  mix¬ 
ture  was  diluted  with  water  and  distilled  until  the  residue  was  nearly 
dry.  Salting-out  of  the  distillate  with  saturated  CaCl2  solution  gave 
trimethylhexylsilane  (81'7f)  vithb.p.  162.5-163.5’,  d4^  0.7424, 
n^^  1.4154.  The  infrared  spectrum  of  the  substance  is  shown  in  Fig.  3.* 

Reaction  of  trimethylchlorosilane  with  an  ethereal  solution  of  hexylmagnesium  bromide  gave  the  same  tri- 
methylhexylsilane  with  b.p.  162.5-163.5",  d4^  0.7467,  nj^^°  1.4152.  The  infrared  spectrum  of  the  substance  differed 
from  the  spectrum  of  the  product  of  hydrogenation  only  in  respect  of  the  stronger  absorption  in  the  1057  cm‘*  region 
which  reflected  the  presence  of  siloxane  as  impurity  (for  which  this  frequency  is  extremely  characteristic  [6]). 

b)  Hydrogenation  of  the  silicohydrocarbon  obtained  by  addition  of  butyllithium  gave  trimethyloctylsilane 
with  b.p.  202-206",  d4^  0.7567,  n^j^  1.4242.  The  infrared  spectrum  of  the  substance  is  shown  in  Fig.  3. 

The  same  product  was  obtained  by  the  organomagnesium  synthesis  and  had  b.p.  201-203",  d4^  0.7612,  n^^ 
1.4248. 

As  in  the  first  case  the  infrared  spectrum  of  the  substance  differed  from  that  of  the  product  of  hydrogenation 
only  in  respect  of  the  greater  intensity  of  absorption  at  1057  cm"* 

It  should  be  noted  that  the  constants  found  for  trimethylalkylsilanes  very  closely  approach  those  reported  for 
these  compounds  in  the  literature  [7]. 

Hydrolytic  cleavage,  a)  The  ethyllithium  adduct  (3.2  g)  was  heated  until  fully  dissolved  in  lO'y;’  KOH  solu¬ 
tion  in  methanol  (about  1.5  hr).  The  mixture  was  then  diluted  with  water  and  distilled  until  the  temperature  reached 
100".  Treatment  of  the  distillate  with  saturated  CaCl2  solution  yielded  2.7  g  of  hcxamethyldisiloxane  and  a  mix¬ 
ture  of  allenic  and  acetylenic  hydrocarbons  with  b.p.  72-76’,  d4^  0.7276,  n^^  1.4ri08.  Tlie  infrared  spectrum  of 
this  compound  is  shown  in  Fig.  3. 

Acetylenic  hydrocarbon  found  44.1,  46.0, 


•  The  authors  convey  thanks  to  T.  V.  Yakovleva  for  assistance  in  the  investigation  of  the  infrared  spectra. 


Fig.  4.  Hydrogenation  rate 
curves  for  silicohydrocarbons 
obtained  from  products  of 
addition  of  ethyllithium  ( 1) 
and  butyllithium  (2)  to  tri¬ 
methylvinylethynylsilane. 
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b)  Cleavage  under  similar  conditions  of  the  silicohydrocarbon 
from  the  butyllithium  adduct  gave  a  mixture  of  allenic  and  acety¬ 
lenic  hydrocarbons  with  b.p.  122-126*,  df  0.7512,  n^  1.4112. 

Acetylenic  hydrocarbon  found  (^o):  78.0,  78.6. 

SUMMARY 

1.  The  reaction  of  alkyllithiums  with  trimethylvinylethynyl- 
silane  was  investigated. 

2.  It  was  shown  that  in  all  cases  acetylenic  and  allenic  adducts 
are  formed.  The  structure  of  the  adducts  was  established  by  hydrogen¬ 
ation  to  the  corresponding  saturated  silicohydrocarbons,  by  hydrolytic 
cleavage  to  hydrocarbons  and  from  the  infrared  spectra. 
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INVESTIGATIONS  ON  CONJUGATED  SYSTEMS 


CXXII.  DIPOLE  MOMENTS  AND  REACTIVITIES  OF  VINYLACETYLENIC  KETONES  AND  AMINES* 

A.  A.  Petrov,  K.  S.  Mingaleva,  I.  A.  Maretina,  and  V.  D.  Nemirovskll 
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Translated  from  Zhurnal  Obshchei  Klnmii,  Vol.  30,  No.  7,  pp.  2248-2250, 

July,  1960 

Original  article  submitted  July  16,  1959 


The  concept  of  electron  density  shift  in  the  1,.3-enynic  system  under  the  influence  of  radicals  [1-3]  has 
been  used  to  explain  the  differing  reactivities  of  vinylacetylenic  hydrocarbons  in  a  series  of  investigations  in  our 
laboratory.  The  existence  of  such  a  shift  was  confirmed  by  various  methods,  including  dipole  moment  measure¬ 
ments  [4].  For  a  similar  interpretation  of  the  characteristics  of  the  reactivity  of  derivatives  of  vinylacetylenic 
hydrocarbons,  it  was  necessary  to  have  data  for  their  dipole  moments.  The  data  in  question  are  not  found  in  the 
literature. 


We  determined  the  dipole  moments  of  two  vinylacetylenic  ketones  of  different  structures  (I)  and  (II)  and 
of  amine  (III). 

The  dipole  moment  of  the  vinylacetylenic  ketone  (I)  was  considerably  larger  than  the  moments  of  methyl 
vinyl  ketone  (2.98  D)  [5]  and  mesityl  oxide  (2.84  D)  [6].  In  the  molecule  of  (I)  the  electronic  density  shift  under 
the  influence  of  the  carbonyl  group  proceeds  in  the  same  direction  as  in  the  vinylacetylene  system.  Tlie  dipole 
moment  of  ketone  (11).  with  the  opposite  direction  of  tlie  moments  of  the  carbonyl  group  and  of  the  enynic  system, 
was  smaller  than  that  of  methyl  vinyl  ketone  (see  Table  1).  The  same  relation  was  found  between  the  polariz¬ 
abilities  of  these  ketones  (see  Table  2). 


TABLE  1. 


Substance 

Uo 

1 

-3 

^00 

i 

Dipole 

moment 

1  (D) 

Cllj-CO-feC-ni^Clla 

^  '^83  1 

1.1368 

12.4.5 

0.035 

249.03 

3.24 

c  n  ,_(:o_c  1 1 -r-c  H -c=(:  1 1 

2.284 

1.1.368 

8.66 

0.061 

182.10 

2.71 

iic=(:-cn=cii-N((:2n,). 

2  283 

1.1367 

7.50 

1 

1 

212.64 

2.87 

TABLE  2. 


Substance 

Boiling  point 
(pressure  in 
mm) 

d.“ 

1 

MR 

Litera 

ture 

found  1 

1 

calculated  j 

CH3-CO-C=C-Cn=Cll2 
C1I3— CO— (:n=cn— c=cii 
HC=C-CH=CH-N(C2ll5)o 

.3.50  (10) 

56—57  (20) 
53-54  (5) 

0.9081 

0.9308 

0.9068 

1.4840 

1.4928 

1.5208 

i 

29.65 

29.37 

41.36 

27.45 

27.45 

40.62 

113] 

|131 

[121 

*  Enynic  compounds.  XLIII. 
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o-^c-c^c— r  1 1  =i'.n  2  no-G— Cl  i  i — c=o 

i  I 

CH3  CII3 

(I)  (ID 

Tlic  vinylaccfylcnic  amine  (HI),  in  whose  molecule  conjugation  lakes  place  between  the  electron  pair  of 
the  nitrogen  atom  and  the  enynic  system,  had  an  cMrcmcly  large  dipole  moment,  whereas  saturated  and  unsatura¬ 
ted  amines  lacking  this  structure  have  small  dipole  moments  [7],  The  origin  of  the  dipole  moment  in  amine  (III) 
is  similar  to  that  in  the  case  of  arylamines  [S,9]  and  unsaturated  aminoketones  containing  conjugated  multiple 
bonds  flO]. 

(HI) 


Tliis  agreement  between  the  ex|-)ected  changes  in  dipole  moments  under  the  influence  of  conjugation  and 
tlie  experimental  values  demonstrate  the  soundness  of  our  hypothesis  of  electron  sliifts  in  1,3-enynic  systems. 

Addition  reaction  of  derivatives  of  vinylacetylenic  hydrocarbons  have  not  been  adequately  investigated  but 
certain  conclusions  have  already  been  drawn. 

Vi  nylacetylenic  ketones  add  on  bromine  rather  unselectively  [11],  possibly  due  to  both  electrophilic  and 
aucleophilic  bromination.  Comparisons  of  the  size  of  the  dipole  moments  is  not  possible. 

Tlie  vinylacetylenic  amine  (III)  adds  on  bromine  predominantly  at  the  triple  bond,  which  is  consistent  with 
the  electronic  polarization  to  be  expected  from  the  magnitude  of  the  dipole  moment  [12],  A  certain  correlation 
can  thus  be  cstablislk'J  in  some  cases  between  polarity  in  the  steady  state  and  reactivity  of  derivatives  of  vinyl- 
acetylenic  hydrocarbons. 

EXPORIMEN  TAL 

All  of  the  investigated  compounds  were  prepared  by  the  li*eratiu:e  methods  and  had  constants  close  to  those 
reported  by  other  workers  (Table  2). 

The  dipole  moments  were  determined  in  dilute  solutions  in  benzene.  The  permittivity  was  measured  by  the 
beat  method  with  a  TKE-l  instrument  specially  adapted  for  this  purpose.  Dipole  moments  were  calculated  in  the 
usual  manner.  Experimental  data  needed  for  calculations  are  set  forth  in  Table  1  No  allowance  was  made  for  the 
atomic  polarization. 

SUMMARY 

1.  Tlie  dipole  moments  of  l-hexen-3-yn-4-one,  3-hexen- l-yn-4-one  and  l-diethylamino-2-buten-l-yne 
were  measured. 

2.  It  was  found  that  the  postulated  shifts  of  electron  density  in  the  investigated  compounds  are  confirmed  by 
the  dipole  moments  found. 

3.  The  data  obtained  were  related  to  certain  cliemical  properties  of  the  investigated  compounds. 
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llie  bytyrolactonc  grouping  is  found  in  the  molecules  of  many  derivatives  of  biologically  active  substances 
for  example  in  cardiac  glucosides,  ascorbic  acid,  santonin,  pilocarpine,  etc. 

In  connection  with  cur  investigations  of  the  synthesis  of  pilocarpine  and  its  homologs,  we  studied  the  synthe¬ 
sis  of  a-alkyl-y -butyrolactone-B-carboxylic  acids  (a-alkylparaconic  acids). 


R-CH-Cll— COOH 

I  I 

CO  GHz 

Characteristic  of  these  compounds  is  the  existence  of  steric  isomers  due  to  the  presence  of  two  as)rmmetric 
carbons  in  the  lactonic  ring.  Difficulties  involved  in  resolution  of  spatial  isomers  are  here  further  intensified  by 
the  very  great  susceptibility  of  the  stereoisomers  to  rearrangements. 

We  carried  out  the  synthesis  of  a-alkylparaconic  acids  containing  various  substituents  in  the  a-position  by 
the  following  series  of  reactions: 

R-CII2— COOH  —  R-CHBr-COOlV  — > 

(I)  (II) 

R-CH - CH-COOC0H5  R-CH - CH2 

I  I  '->11  — 

cooir  cooc.2n6  coon  cooh 

(III)  (IV) 

r_CH - CHo  R-CH - C-COOC2II5 

I  I  ->  I  II 

C00C,2H5  COOC2H5  COOC2H5  CHOH 

(V)  (VI) 

R— CH - CH-i 

I  I 

COOC2H5  CHO 
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Vv'e  introduced  a  number  of  simplifications  and  improvements  into  the  syntncsis  o:  ci-alky  Iparaconic  acids 
and  the  starting  substances;  some  of  these  compounds  were  not  previously  described  in  the  literat’ure,  or  their 
constants  had  not  been  fully  reported.  In  this  paper  we  therefore  describe  the  preparation  and  properties  of  a  series 
of  a-alkylparaconic  acids  and  their  intermediate  products. 

EXPERIMENTAL 

1.  Esters  of  a-bromoaliphatic  acids  (II).  Ethyl  a-bromobutyrate  dl  ,  R=R'  =  C2H5).  Treatment  of  217  g  of 
butyric  acid  (I,  R=C2H5)  with  253  g  of  thionyl  chloride  at  65-70°  for  4  hr  gave  the  acid  chloride  which  by  heating 
at  60-65°  for  20-24  hr  with  434  g  of  bromine  was  converted  to  the  corresponding  a-bromo  derivative:  addition  to 
the  latter  of  156  g  of  alcohol  gave  ethyl  a-bromobutyTate.  Yield  374  g  (77.8*70).  B.p.  69-71°  (17  mm)  [1]. 

Esters  of  a-bromopropionic  (II,  R=CH3.  R'  =  C2H5),  a-bromovaleric(II.R  =  n-C3H7,R' =€2115)  and  a-bromoiso- 
valeric  (II,  R=iso-C3H7,  R'  =CH3)  acids  were  similarly  prepared  (Table  1) 

TABLE  1  Esters  of  a-Bromoacids  R-CHBr-COOR'(II) 


R 

R' 

Empirical 

formula 

Boiling  point 
(pressure  in  mm) 

Yield 

1  (:n  73 

Literature 

CH3 

C2H5 

C5Hq02Br 

53-54°  (17) 

1  64.6 

[2] 

O2H5 

C2H5 

06Hii02Br 

6‘u-'i(i7) 

77. S 

[1] 

n  -O3H7 

O2H5 

C7Hi302Br 

S-l—  '-5  (  lu) 

i  “5  0 

[1] 

iso-03H7 

CH3 

OgH  ijOoBr 

64  -65  (  1 3) 

!  71.6 

1 

r-1] 

2.  Esters  of  a.a,3-alkyltricarbo.xylic  acids  (HI),  ct.a,  3-Butanetricarboxylic  ester  (III,  R=R'  =  C2H5).  Boiling 
of  374  g  of  CK-bromobutyric  ester  dl,  R=  R'  “  C2H5)  with  an  alcoholic  solution  of  sodium  malonic  ester  (prepared  by- 
addition  of  337  g  of  ethyl  malonate  to  750  g  of  17  35*7o  alcoholic  solution  of  sodium  etho.xide)  for  3-4  lir  gave 
a,a,3-butanctricarboxylic  ester.  Yield  490  g(93.1?‘’).  B.p.  160-167°  (18  mm)  [4,  6]. 

Esters  of  a,a,3-propane-(III,  R=CH3,  R*  =  03115),  pentane-(III,  R=  n-C3H7,  R'=C2H5)  and  isopentane-(III, 

R  =  iso-C3H7,  R'  =  CH3)tricarboxylic  acids  were  similarly  prepared  (Table  2). 

TABLE  2.  Esters  of  a,a,3-Alk''ltricarboxylic  Acids 

U-Cn - CH-COOC,Hj 

I  I  (III) 

COOK'  COOC-IU 


R 

R’ 

Empirical 

formula 

Boiling  point 
( pressure  in  mm) 

Yield 
(in  7c) 

Literature 

CH3 

C2H5 

C12H20O6 

136-  138°  (7) 

82.8 

[4.5] 

C2H5 

QHc 

C13H22O6 

160-  167  (18) 

93.1 

[4.6] 

n.-C3H7 

C2H5 

CJ4H24P6 

144-  148  (11) 

70.2 

[5] 

iso-C3H7 

CH3 

C 13^  22*2*6 

151-  156  ( 13) 

79.3 

[3.5] 

3.  Alkylsuccinic  acids  (IV).  Ethylsuccinic  acid  (IV,  R  =  C2H5).  A  mixture  of  490  g  of  a,a,3 -butanetricar- 
boxylic  ester  (III,  R=R’ =  03115)  and  1960  ml  of  187c  hydrochloric  acid  was  boiled  until  the  layers  disappeared 
(10-12  hr).  The  solution  was  evaporated  to  dryness.  Yield  of  ethylsuccinic  acid  (IV,  R=02H5)  260  g(99.67o). 

Methyl-(IV,  R=OH3),  propyl-  (R=n-03H7)  and  isopropyl-  (R=iso-03H7)  succinic  acid  were  prepared  by 
saponification  of  the  corresponding  a, a, 3-  alkyltricarboxylic  esters  (III)  (Table  3). 

TABLE  3,  Alkylsuccinic  Acids 

K-CH - CH, 

I  I  (IV) 

cooH  coon 


Empirical 

formula 

M.p.  (solvent 

1  for  recrystalli- 
zation) 

Literature 

Clla 

C,U,L\ 

1 

110— IIP  * 

1  -'1 

1  C6ilio04 

i 

SS? 

i  (chloroform) 

p-,.7] 

n  --CjH; 

C;!!  1.3(14 

it.'i— ',)i  1 

1  (benzene)  ! 

(■] 

1 

iso  -l-ali; 

i  C7Hi304 

1 

!  116.5-117  1 

(alcohol) 

1  [3. 
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TABLE  4  .  Diethyl  Esters  of  Alkybuccinic  Acids 


u-  cn - CHj 

I  I  (V) 

CdOCjJ!.. 


n 

Empiric  al 
formula 

Boiliiigpoiut 
(pressure  in 
mm) 

Yield 

{%) 

found  calc. 

Litera¬ 

ture 

Clla 

102 

(1.5) 

IHA 

1 

1.0244 

1.4231 

40.79 

47.07 

R 

(’..Jlr; 

‘-10II  is<>4 

117 

(17) 

77.6 

0.9992 

1.4240 

51.65 

51.69 

1 

n.-t^all; 

(hi  II  .2004 

107 

(9) 

78.2 

— 

— 

— 

— 

r-i 

iso-('.3ll7 

Cl 

114 

(7) 

87.5 

0.9970 

1.4296 

55.99 

56.31 

PI 

1 

4.  Esters  of  alkylsiiccinic  acids  (V).  Diethyl  ester  of  ethylsuccinic  acid  (V,  R=C2H5).  Prepared  from  260  g 
of  ethylsuccinic  acid  (IV,  R~C2H5)  by  boiling  with  1040  ml  of  absolute  alcohol  in  presence  of  20.8  ml  of  concen¬ 
trated  sulfuric  acid.  Yield  279  g  (77.6‘'7f’).  The  diethyl  esters  of  methyl-  (V,  R=CH3),  propyl-  (V,  R=n-C3H7)  and 
isopropyl-  (V,  R=iso-C3M7)  succinic  acids  were  prepared  by  the  same  procedure  (Table  4). 

Esters  of  a-alkyl-o'.*-formylsuccinic  acids  (VI).  Diethyl  e.ster  of  a-ethyl-a’-formylsiiccinic  acid  (VI,  R=» 

^  suspension  of  93.3  g  of  sodium  methoxide  in  650  ml  of  anhydrous  toluene  were  added  279  g  of 
diethyl  ester  of  ethylsuccinic  acid  (V,  R=C2H5)  and  166  g  of  ethyl  formate.  The  suspension  of  sodium  methoxide 
was  prepared  by  addition  of  Ki7f' excess  of  absolute  methanol  to  finely  shredded  sodium  in  toluene;  after  formation 
of  the  stxlium  methoxide,  the  excess  methanol  was  distilled  off  in  the  form  of  its  azeotrope  with  toluene.  The  reac¬ 
tion  mixture  was  stood  for  two  days  at  10-15°.  Addition  was  then  made'of  426  ml  of  iced  water  ano  the  toluene 
layer  was  separated,  the  toluene  distilled  off  and  tlie  residue  distilled  in  vacuo  to  give  85  g  of  unchanged  ethyl¬ 
succinic  ester  (V,  R=C2H5).  The  aqueous  layer  was  neutralized  with  the  calculated  quantity  of  207(’ sulfuric  acid 
(test  with  Congo).  'Fhe resulting  oily  product  was  separated,  the  aqueous  layer  extracted  with  toluene  (twice  with 
100  ml  each)  and  the  extracts  added  to  the  main  bulk.  The  solvent  was  taken  off  in  vacuo  (10-15  mm).  Formyl- 
ethylsuccinic  ester  was  obtained  and  employed  for  reduction  without  purification.  Yield  199.2  g  (90.2%  allowing 
for  the  ethylsuccinic  ester  recovered). 

Ethyl  esters  of  a-methyl-  (VI,  R=CH2,),  ot-propyl-  (VI.  R=  0-03117)  and  oisopropyl-  (VI,  R=iso-C3H7)  o’- 
formylsuccinic  acids  were  prepared  by  the  same  procedure  (Table  5). 

6,  Esters  of  a-alkvl-Y -binyrolactoue-B -carboxylic  acids  (VII,  R*  =  Ethyl  esters  of  racemic  stereo- 

isomeric  ft- ctliylnara conic  acids  (VII  and  Vila,  R  =  R*  =  C2Hs).  Reduction  of  199.2  g  of  technical  formylethylsuccinic 
ester  (VI,  R=C2Hji)  was  performed  in  a  stainless  steel,  rotating  autoclave  in  presence  of  20  g  of  skeletal  nickel 
catalyst  and  200  ml  of  anhydrous  alcohol  at  an  initial  pressure  of  80-100  atm  and  110-120°  for  3-4  hr.  After 
completion  of  reduction,  the  catalyst  was  .separated,  the  solvent  distilled  off  and  the  residue  distilled  in  vacuo 

(10  mm)  to  give  approximately  tluee  equal  fractions:  1st,  to  140°;  2nd,  140-14-1°;  .3rd,  145-148°.  These  were  cooled 
to  -15  to  -12°  and  the  crystals  were  sep.arated.  Tlie  filtrate  was  redistilled  and  frozen.  Tliere  were  obtained  about 
80  g  of  liquid,  stable  a-ethylparaconic  ester  and  76  g  of  crystalline,  labile  a-ethylparaconic  ester.  Total  yield 
of  ethylparaconic  esters  156  g(96.8%).  The  labile  a-ethylparaconic  ester  was  recrystallized  from  toluene  and, 
for  preparation  of  analytically  pure  substance,  from  ether. 

Ethyl  esters  of  methyl-  (Vn  and  Vila,  R=CH3.  R’  =  C2H5).  propyl-  (VII  and  Vila,  R=n-C3H7,  R’  =  C2H5)  and 
isopropyl-  (VII  and  Vila,  R=iso-C3H7,  R’  =  C2H5)  paraconic  acids  were  similarly  prepared. 

7.  g- Alkyl- y-butyrolactone-fl -carboxylic  acids  (VII  and  Vila,  R*  =  H).  Racemic stcreoiscmeric erhylparaconic 
acids.  A  mixture  of  59  g  of  crystalline,  labile  ethylparaconic  e.cter  (VII,  R  =  R’  =  C2H5)  and  177  ml  of  107o  hydro¬ 
chloric  acid  was  boiled  for  4  hr.  'The  solution  was  then  evaporated  to  dryness  in  vacuo.  The  residue  was  dried  and 
then  twice  recrystallized  from  160  ml  of  anhydrous  toluene.  Yield  40  g  (79.8%). 

More  prolonged  heating  is  required  for  hydrolysis  of  the  stable  form  (8-10  hr). 
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TABLE  5.  Diethyl  Esters  of  a-Alkyl-a’-formylsuccinic  Acids 

It-CII - CH-CoOC,iIj  — ».  R-CH - C-COOC,ll, 

II  I  II  (VI) 

CO(.tC,ILCHO  —  COOCjHj  CHOH 
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Racemic  stcrcoisomeric  methyl-  (VTI  and  Vila,  R=CH3,  R'=H),  propyl-  (VII  and  Vila,  R=n-C3M|,  R’  =  H) 
and  isopropyl-  (VII  and  Vila,  R  =  iso-C3H7,  R’ =  H)  paraconie  acids  were  prepared  by  the  same  procedure. 

TABLE  7.  a-Alkylparaconic  acids. 


Il-CI! — r.H-coon 

CO  CH,  ('JI  .Vila, 

\n  ' 


Empirical 

Melting  point  j  Melting  point  of  1 

Yield 

Found 

Calc.  ^0 

Li  ter a- 

R 

formula 

mixed  specimen 

(in  %) 

C 

H 

C 

H 

turc 

CH3 

94-94.5“ 

52.1 

49.95 

5.50 

[9] 

stable 

(butanol) 

79-80.5* 

58.3 

49.69 

5.83 

50.00 

5.59 

— 

CH3 

128.5-130 

labile 

(butanol) 

C2H5 

87.5-88 

70.0 

53.20 

6.38 

[10.12] 

stable 

J0O4 

(ethanol) 

64-67 

79.6 

53.38 

6.23 

53.16 

6.37 

[10] 

C2H5 

89-90 

labile 

(toluene) 

n  -C3H7 

82-83 

70.3 

55.99 

7.08 

— 

stable 

C8HJ2O4 

(benzene) 

69-72 

81.1 

55.86 

6.60 

55.81 

7.02 

n  -C3H7 

155-156 

labile 

(benzene) 

iso-C3H7 

94-95 

68.0 

55.73 

6.92 

[11] 

stable 

C8ilj204 

(benzene) 

76-73 

55.90 

6.86 

55.81 

7.02 

[11] 

iso-CV  17 

161-162 

69.7 

labile 

(water)  , 

SUMMARY 

1.  Racemic  stcreoisomcric  ot-methyl-,  a-ethyl-,  a-propyl-  and  a-isopropylparaconic  acids  were  synthe¬ 
sized. 

2.  The  racemic  stcreoisomcric  forms  of  a-alkylparaconic  esters,  prepared  by  reduction  of  ofralkyl-a'-formyL 
succinic  esters  with  hydrogen  in  presence  of  Raney  nickel,  were  Isolated. 
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In  the  preceding  communication  we  described  the  synthesis  and  properties  of  a-alkylparaconic  acids  [1]. 
According  to  structural  theory,  two  racemic  steroisomeric  forms  and  a  corresponding  number  of  optically  active 
forms  are  possible  for  «-alkyl-y -butyrolactone-8 -carboxylic  (a-alkylparaconic)  acids. 

In  the  present  paper  we  describe  methods  of  resolving  the  stereoisomeric  racemic  a-alkyl-y-butyrolactone- 
8-carboxylic  acids  (I  and  II)  into  the  optical  antipodes  [2]  (la,  Ib  and  Ila,  Ilb). 


coon 


,x 


y 

X 

.H  M 

.R  /.OOH 

h' 

0 

0 

(lia) 

(lib) 

EXPERIMENTAL 


1.  Resolution  of  stable  racemic  a-alkylparaconic  acids  (I)  iAto  the  optical  antipodes  (la  and  Ib).  a)  Strych¬ 
nine  salts  of  stable  levo  and  dextro  a-isopropylparaconic  acids. 

To  a  solution  of  5  g  of  stable,  racemic  a-isopropylparaconic  acid  (I,  R=iso-C3H7,  m.p.  94-95*)  in  12  ml 
of  water  at  80“  was  added  9.7  g  of  strychnine.  After  2-hours’  heating  at  80",  the  solution  was  left  overnight  in  a 
refrigerator.  Tlie  deposited  crystals  were  separated  and  recrystallized  from  15  ml  of  water.  Yield  of  strychnine 
salt  of  the  levo  acid  5.7  g  (77.570). 

The  filtrate  from  the  strychnine  salt  of  the  levo  form  of  a-isopropylparaconic  acid  was  concentrated  at 
30-40*  and  10  mm  to  l/3  of  its  original  volume.  After  cooling,  the  crystals  were  separated  and  the  filtrate  evapora¬ 
ted  to  dryness  in  vacuo.  The  residue  was  dried  by  addition  of  anhydrous  alcohol  and  subsequent  distillation  of  the 
latter  in  vacuo.  To  the  resulting  glassy  mass  was  added  5  ml  of  anhydrous  alcohol.  The  resulting  crystals  were 
collected  and  recrystallized  three  times  from  alcohol.  Yieldof  strychnine  salt  of  dextro  acid  5.2  g  (70.777. 

Stable  levorotatory  and  dextrorotatory  a-isopronylparaconic  acids  (la  and  Ib,  R=iso-C3H7).  To  a  cooled 
saturated  solution  of  5.7  g  of  strychnine  salt  of  stable  levo  a-isopropylparaconic  acid  in  114  ml  of  water  was 
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added  (with  cooling)  the  calculated  quantity  of  0.2  N  potassium  hydroxide  solution.  The  precipitated  strychnine 
was  ceparated  and  the  strychnine  residues  in  the  filtrate  extracted  with  ether.  The  solution  was  then  neutralized 
with  hydrocitloric  acid  and  evaporated  to  dryness  in  vacuo.  The  Icvo  a-isopropylparaconic  acid  was  extracted 
from  the  dry  residue  with  ether.  The  solvent  was  distilled  off  and  the  acid  twice  recrystallized  from  2  ml  of 
water.  Yield  1.G2  g  (83.6‘7o).  M.p.  89-90',  -  48.5'  (water,  c  3.650). 

Found  C  55.85;  H  6.73.  C8M12O4.  Calculated  ^c:  C  55.81;  H  7.02 

The  dextro  acid  was  isolated  by  the  same  method  from  10  g  of  the  strychnine  salt  of  the  stable  dextro  form 
of  a-isopropylparaconic  acid.  Yield  3.17  g  (93. 2f7c).  M.p.  89-89  7' (from  benzene),  [a]|^+ 46.3' (water,  c  3.00). 

Found  C  55.78;  11  7.07.  C8H,204.  Calculated  C  55.81;  H  7.02. 

Strychnine  salts  of  stable  levo  and  dextro  a-ethyloaraconic  acids.  Reaction  of  26.9  g  of  stable  racemic  a- 
ethylparaconic  acid  (I,  R  =  Cj,H2,  m.p.  87.5-83")  with  53.46  g  of  strychnine  in  55  ml  of  water  by  the  procedure, 
described  for  the  strychnine  salts  of  optically  active  stable  a-isopropylparaconic  acids  gave  39.5  g  of  the  salt  of 
stable  levo  a-cthylparaconic  acid  which  was  recrystallizcd  twice  from  20  and  18  ml  of  water  respectively.  Yield 
32.8  g  (78.3^0). 

From  the  filtrate  was  isolated  the  strychnine  salt  of  the  dextro  acid  which  was  recrystallized  from  anhydrous  - 
alcohol.  Yield  26.9  g  (64.2f7o). 

Stable  IcvoroLitory  and  dextrorotatory  a-ethylparaconic  acids  (la  and  Ib,  R  =  C2Hs).  l.evo  a-ethylparaconlc 
acid  was  prepared  from  32.8  g  of  strychnine  salt  of  stable  levo  a-ethylparaconic  acid  dissolved  in  636  ml  of  water. 
Yield  8.5  g  (80.57).  Colorless  crytals,  readily  soluble  in  alcohol,  ether,  chloroform  and  hot  water,  less  soluble 
in  cold  water.  M.p.  105- 105.5"  (from  water),  [a]p-58.3' ( water,  c  3.8835). 

Found  7’:  C  53.20;  H  6.47.  0711,004.  Calculated  7o:  C  53.16;  H  6.37. 

» 

The  dextro  acid  was  i<;oiated  from  26.9  g  of  strychnine  salt  of  stable  dextro  a-ethylnaraconic  acid  dissolved 
in  80  ml  of  water.  Yield  7.8  g  (90.37o).  Colorless,  silky  plates.  M.p.  104,5-105.5'  (from  alcohol),  [a]p  +  58.55* 
(water,  c  3.9126). 

Found  7o:  C  53.26;  H  6.55.  C7H10O4.  Calculated  7i>:  C  53.16;  H  6.37. 

II.  Cleavage  of  labile  racemic  a-alkylparaconic  acid s  (II)  into  the  optical  antipodes  (Ila  and  nb).  Brucine 
salts  of  labile  dextro  and  levo  a-mcthylparaconic  acids. 

To  a  solution  of  2.2  g  of  labile  racemic  a-methylparaconic  acid  (II,  R  =  CH3,  m.p.  125-126")  in  12  ml  of 
water  was  added  6  g  of  brucine,  and  the  reaction  mixture  was  heated  for  an  hour  at  50-55".  After  cooling,  the 
precipitate  was  separated  and  recrystallized  three  times  from  three  times  the  quantity  of  water.  Yield  of  brucine 
salt  of  labile  dextro  a-methylparaconic  acid  2.7  g(65.77<^).  M.p.  118-123",  [a]|)-20.7*  (chloroform,  c  2.548). 

Tlic  filtrate  from  the  brucine  salt  of  the  dextro  acid  was  evaporated  in  vacuo  to  l/3  of  its  original  volume,  the  . 
precipitate  was  separated  and  the  filtrate  from  the  latter  evaporated  to  dryness  at  35-40"  and  10  rnm.  The  dry 
residue  was  washed  with  acetone  twice  ( 10  ml  each  time).  Yield  of  brucine  salt  of  labile  levo  a-methylparaconic 
acid  3  g(72.9^/'').  M.p.  137-140",  [a]f5-31. 8"  (chloroform,  c  10.944). 

Labile  dextrorotatory  and  levorotatory  a-mcthvlparaconic  acids  (Ila  and  lib,  R=CH3).  The  labile  optically 
active  a-methylparaconic  acids  were  obtained  from  their  brucine  salts  by  the  procedure  described  for  isolation  of 
stable  levo  a-isopropylparaconic  acid.  From  2.4  g  of  brucine  salt  of  labile  dextro  a-methylparaconic  acid  was. 
obtained  the  dextro  acid  in  a  yield  of  0.45  g  (70.i7p).  M.p.  123-124"  (from  benzene),  [ct]Q+  19.7"  (water,  c  9.908). 

Found  C  50.03;  H  5.63.  C6Hg04.  Calculated  C  50.00;  H  5.59. 

The  levo  acid  was  isolated  from  2.5  g  of  brucine  salt  of  labile  levo  a-methylparaconic  acid.  Yield  0.5  g 
(64.77o).  M.p.  122.5-124",  [a]^j5  -  19.15'  (water,  c  10.188). 

Found  7o:  C  49.90;  H  5.38.  C6H8O4.  Calculated  %  50.00;  H  5.59. 

A  mixture  of  0.02  g  each  of  labile  dextrorotatory  and  levorotatory  a-methylparaconic  acids  melted  at 
129-130". 
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Bnicinc  <nltfi  of  dextro  and  levo  a-cthylpirnccnic  ncid<:.  Reaction  of  30  g  of  labile  racemic  a-ctbvlpnra- 
conic  acid  (11,  R-:C2H5.  m.p.  89-90"),  dissolved  in  150  ml  of  water,  with  73.5  g  of  brucine  gave  50.8  g  of  the 
brucine  salt  of  the  dextro  acid.  Yield  96.97'’.  M.p.  99-102".  Colorless,  small  needles,  poorly  soluble  in  cold  water, 
readily  in  hot  water  and  acetone. 

The  filtrate  was  evaporated  in  vacuo  and  the  dry  residue  wa.thed  with  acetone  (two  lots  of  50  ml  each).  The 
brucine  salt  of  the  levo  acid  was  obtained  with  m.p.  105-107".  Acicular  crystals,  readily  soluble  in  water,  poorly 
In  acetone.  Yield  39.2  g  (74.87’). 

^bile  dextrorotatory  and  levorotatory  a-ethylparaconic  acid  (lla  and  11b,  R=C2H5).  From  50.8  g  of  brucine 
salt  of  labile  dextro  a-ethylparaconic  acid,  dissolved  in  660  ml  of  water,  was  isolated  the  dextro  acid  in  a  yield 
of  10  g  (68.770).  Colorless  crystals,  readily  soluble  in  water,  hot  ether  and  benzene,  poorly  soluble  In  cold  benzene. 
M.p.  121-122",  [a]”  +  53.55"  (water,  c  4.426). 

Found  7o:  C  53.32;  H  6.43.  C7H,o04.  Calculated  7o:  C  53.16;  H  6.37. 

From  39.2  g  of  brucine  salt  of  labile  levo  a-ethylparaconic  acid  was  obtained  8.1  g  of  levo  acid.  Yield 
72.27o.  Colorless  needles,  readily  soluble  in  hot  ether  and  benzene,  less  soluble  in  cold  benzene  and 
water.  M.p.  120-120.5",  [alj^  -53.7.5"  (water,  c  3.915). 

Found  7o:  C  53.02;  H  6.39.  C7Hin04.  Calculated  C  53.16;  H  6.37. 


SUMMARY 

1.  Racemic  a-alkylparaconic  acids  of  the  stable  form  were  resolved  'with  the  help  of  strychnine,  and  the 
racemic  acids  of  the  labile  form  were  resolved  with  the  help  of  brucine. 

2.  The  stable  optically  active  a-isopropyl-  and  a-ethylparaconlc  acids  and  the  labile  a-methyl-  and  a- 
ethylparaconlc  acids  were  obtained. 
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SYNTHESIS  OF  THE  ETHYL  ESTER  OF  4 , 6 . 9 , 1  1  .  1  4  -  P  EN  T  A  K  ETO  PEN  T  A  D  EC  A  N  OI C 
ACID  AND  THE  ETHYL  ESTER  OF  4 , 6 , 9 , 1 1  , 1  4 ,  1  6 , 1  9  -  H  E  PT  A  K  ETO  El  CO  S  A  N  OI  C 
ACID 

N.  V.  Zotchik,  R.  P.  Evstigneeva,  and  N,  A.  Preobra  zhenskli 

Moscow  Institute  of  Fine  Chemical  Technology 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  7,  pp.  2259-2261, 

July,  1960 

Original  article  submitted  June  29,  1959 

In  the  course  of  further  investigation  of  the  Claisen  condensation  of  the  ethyl  ester  of  levulinic  acid  (I)  [1] 
and  the  ethyl  ester  of  4,6,9-triketocapric  acid  (II),  we  prepared  the  ethyl  ester  of  4,6,9, 11,1 4-pentaketopenta- 
decanoic  acid  (III,  R=C2H5)  and  acid  (III,  R=H)  and  the  ethyl  ester  of  4,6,9,11, 14, 16, 19-heptaketoeicosanoIc 
acid  (IV).  A  secondary  product  in  the  former  case  is  ester  (II). 

Cll3COCM2CH2COOGd!5  ->  CIlaCOCH.CHorOCHaCOCHoCHiCOOCjHs  + 

(I)  (ID 

+  Cn3COCn2CM2COCH2COCM2Cn2COCH2COCH2CH2COOR 
(ID) 

(H)  — >  CM3COCIl2CM2COCll2r,OCH2CH2COCll2COCH2Cn2r.OCH2COCH2CH2COOCoH5 

(IV) 

The  esters  were  separated  and  purified  via  the  copper  enolates  [2].  As  0  -diketones,  the  prepared  compounds 
give  a  deep  red  color  with  alcoholic  ferric  chloride;  they  titrate  with  caustic  alkali  and  readily  form  copper 
derivatives.  Tlie  infrared  absorption  spectrum  of  the  copper  complexes  exhibits  a  considerable  increase  in  intensity 
in  the  1625-1615  cm'^  region  (enolic  structure)  in  comparison  with  the  spectrum  of  the  ester.  This  is  accounted 
for  by  the  chelate  structure  of  the  copper  enolates.  The  band  intensity  at  1720  cm'^  characterizing  free  keto 
groups  [3],  is  correspondingly  weakened. 

Results  of  determination  of  the  number  of  methyl  groups  [4]  attached  to  carbon  (two  groups)  confirm  the 
linear  structure  of  the  esters  obtained. 

EX  PF.RIMENTAL 

Ethyl  ester  of  4,6,n,ll,l4-pentaketopentadecanoic  acid  (HI).  To  5.65  g  of  sodium  wire  in  100  ml  of  absolute 
ether  was  added  35.3  g  of  ethyl  levulinate.  Reaction  proceeded  at  room  temperature  and  was  completed  in  5-6 
hr.  The  sodium  enolate  was  separated,  washed  with  20  ml  of  absolute  ether  and  dissolved  in  450  ml  of  iced  water. 
The  solution  was  acidified  with  60  ml  of  dilute  (1:1)  hydrochloric  acid.  An  oily  product  separated  out  and  was 
extracted  three  times  with  ether  (100  ml  each)  and  dried  with  sodium  sulfate.  The  solvent  was  removed  in  vacuo 
and  the  residue  ( 14  g)  dissolved  in  250  ml  of  mcthvl  alcohol  to  which  was  then  added  100  ml  of  saturated  copper 
acetate  solution.  The  copper  enolate  was  separated  and  washed  with  20  ml  of  methyl  aleohol  and  20  ml  of  ether. 
Yield  7.5  g.  The  copper  enolate  was  suspended  in  30  ml  of  anhydrous  methyl  alcohol  and  treated  with  hydrogen 
sulfide.  The  precipitated  copper  sulfide  was  filtered  off  and  washed  with  10  ml  of  absolute  methanol.  The  solvent 
was  removed  in  vacuo.  The  ethyl  ester  of  4,6,9,11,14-pentaketopentadecanoic  acid  was  isolated  as  a  viscous, 
yellow  liquid.  Yield  4.75  g  (17.0870).  MRp  83.80;  calcd.  82.41  (for  the  keto  form),  84.50  (for  the  enol  form). 


Found  '7(':  C  59. 8G,  59.87;  H  7.15,  7.89;  enol  form  99.1;  CH;,(Kuhn  and  Rcth  inerhou)  5.3o.  C17H2.P7. 
Calculated  C  60.00,  H  7.10;  CH3  (for  two  groups)  8.89 

The  methanolic  mother  liquor  from  the  copper  enolate  was  evaporated  in  vacuo  and  the  residue  treated 
with  50  ml  of  ether.  Copper  enolate  solidified  and  was  filtered,  washed  with  20  ml  of  anhydrous  ether  and  dried 
In  the  air.  Yield  8.3  g.  The  copper  enolate  was  decomposed  with  hydrogen  sulfide.  Tlie  residue  was  a  viscous, 
reddish -yellow  liquid -4,6,9,11,14-pentaketopentadecanoic  acid.  Yield  4.7  g  (18.47c). 

Found  %:  C  58.03;  H  6.50.  CisHjoOt.  Calculated  C  57.69;  H  6.42. 

After  removal  of  the  solvent,  the  ethereal  mother  liquor  deposited  2.1  g  of  oily  substance-the  ethyl  ester 
of  4,6,9- triketocapric  acid. 

Ethyl  ester  of  4,6,9.11,14.16,19-heptakctocicosanoic  acid  (IV).  To  1.9  g  of  finely  shredded  sodium  in  50 
ml  of  anhydrous  xylene  was  added  10  g  of  ethyl  ester  of  4,6,9-triketocapric  acid,  and  the  mixture  refluxed  for 
5-6  hr.  The  next  morning  the  sodium  enolate  was  separated,  washed  with  20  ml  of  anhydrous  ether  and  dried  in 
the  air.  Yield  12.1  g.  Tlic  enolate  was  dissolved  in  100  ml  of  iced  water,  and  the  cloudy  solution  was  extracted 
twice  with  ether  (20  ml  each  time)  and  acidified  with  20  ml  of  dilute  ( 1:1)  hydrochloric  acid.  The  oily  product 
was  extracted  witli  ether  (3  times  with  50  ml  each)  and  dried  with  sodium  sulfate.  Removal  of  solvent  in  vacuo 
left  4.8  g  of  very  viscous,  brownish-red  oil.  In  the  same  manner  as  in  the  preceding  e.xperinient,  2.7  g  of  copper 
enolate  was  isolated.  The  methanolic  mother  liqtior,  after  trituration  with  ether,  gave  1.9  g  of  copper  enolate. 
The  enolates  were  decomposed  with  hydrogen  sulfide.  The  ethyl  ester  of  4,6,9,1 1,14, 16,19-hcptaketoeicosanoic 
acid  was  obtained.  Yield  1.5  g(  16.57’).  An  amorphous,  brownish-yellow  substance.  MRj^  109.00;  calcd.  105.52 
(for  the  keto  form),  108.7  (for  the  enol  form). 

Found  %  C  60.14;  60. .30;  H  6.73,  6.82;  enol  form  98.50;  CHs  (Kuhn-Roth  method)  4.38.  C22H30O9.  Calcu¬ 
lated  7«:  C  60.27;  H  6.90;  CH3  (for  two  groups)  6.85. 

Subsequently  an  additional  1.00  g(11.047p)  of  etliyl  ester  of  4,6,9,11,14,16,19-heptaketoeicosanoic  acid 
was  isolated. 

Found  7'’:  C  60.00;  H  6.73;  enol  form  81.00.  C22H30O9.  Calculated  7(’;  C  60.27;  H  6.90. 

From  the  ethereal  mother  liquor  was  isolated  0.8  g  of  the  ethyl  ester  of  4,6,9-triketocapric  acid. 

SUMMARY 

Ethyl  esters  of  4,6,9, 11, 14-pentaketopentadecanoic  acid  and  of  4,6,9,11,14,16,19-heptaketoeicosanoic 
acid  were  synthesized. 
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CLAISEN  CONDENSATION  OF  ESTERS  OF  3  -  M  ETH  Y  LL  E  V  U  LI  N I C  ACID 

R.  P.  Evstigneeva,  V.  A.  Glybina,  E.  V.  Okart, 

and  N.  A.  Preobra zhenskli 

Moscow  Institute  of  Fine  Chemical  Technology 

Translated  from  Zhurnal  Obshchei  Khimli,  Vol.  30,  No,  7,  pp.  2261-2263, 

July.  1960 

Original  article  submitted  June  29,  1959 


In  continuation  of  our  work  on  the  ester -condensation  of  esters  of  levullnic  acid  [1],  we  Investigated  esters 
of  3  -mcthyllcvulinic  acid. 


6-McLhyllcvulinic  acid  and  its  esters  were  prepared  by  the  reactions: 


CIIaCOCH-nr  -f-  NaCII 

I 

CH3 


^COOCaHj 

\cOOC2H5 


— >  CH3COCHCH 

I 

Clh 

(1) 


^COOC^iHs 

^COOCillg 


CH3COCHCH2COOR 

I 

CH, 

(ID 


Condensation  of  a-bromoothyl  methyl  ketone  [2]  with  sodium  malonic  ester  gave  the  ethyl  ester  of  ot- 
carbethoxy- 6 -mcthyllcvulinic  acid  [3]  (I).  Saponification  of  compound  (1)  followed  by  decarboxylation  gave 
6 -mcthyllcvulinic  acid  (II,  R  =  H).  Esterification  of  the  acid  pave  the  corresponding  esters  (II,  R  =  CHs  and  C2H6). 
Ediyl  8 -methyllevulinaie  {II,  R  =  C2H5)  can  be  prepared  directly  from  (I)  by  selective  saponification  of  one  of  the 
carbethoxyl  groups  and  subsequent  decarboxylation.  Condensation  of  the  ethyl  or  methyl  ester  of  6-methyllevu- 
linic  acid  led  to  the  corresponding  esters  of  3,8-dimetliyl-4,6,9-triketocapric  acid  (III). 


CIhCOCIlCH2COCHoCOCHCH2COOR 

I  I 

CH3  CH3 

(III) 

Condensation  between  the  ethyl  (II,  R=C2H5)  and  methyl  (II,  R  =  CH3)  esters  of  6-methyllevulinic  acid  takes 
place  with  formation  of  the  methyl  ester  of  3,8-dimethyl-4,6,9-triketocapric  acid  (III,  R=CHs).  Tlie  linear 
structure  of  the  resulting  products  of  condensation  was  confirmed  by  Kuhn— Roth  oxidation.  Saponification  of 
esters  of  3,8-dimcthyl-4,6,9-triketocapric  acid  leads  to  the  corresponding  acid  (in.  R=H)  which  gives  a  mono- 
semicarbazone.  In  this  last  respect  the  acid  resembles  unsubstituted  4,6,9-triketocapric  acid  [1]. 

EXPERIMENTAL 

Ethyl  3 -methyllevulinate  (II,  R=C2H5).  To  the  sodium  ethoxlde  prepared  from  4  g  of  sodium  and  100  ml 
of  anhydrous  alcohol  were  added  40  g  of  ethyl  ester  of  a-carbethoxy-8 -mcthyllcvulinic  acid  (b.p.  118-120*  at 
3  mm)  and  3  ml  of  water.  The  reactidn  mixture  was  stood  overnight  and  then  heated  for  an  hour.  The  excess 
alcohol  was  taken  off  in  vacuo;  the  residue  was  dissolved  in  100  ml  of  water  and  unreacted  dicarboxylic  ester 
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cxtr.ictcd  with  ctlicr.  TIic  aqueous  solution  w'as  acidified  with  hydrochloric  acid  (to  Congo)  and  extracted  with 
'joo  ml  of  ether.  The  solvent  was  removed  from  the  dried  solution  and  the  residue  heated  at  150- IGO’  for  1  hr 
and  then  distilled. 

1st  fraction;  ethyl  6 -methyllevulinate;  yield  10.1  g.  B.p.  99-100*  ( 14  mm). 

2nd  fraction;  0 -methyllevulinic  acid;  yield  4.9  g.  B.p.  115-116*  (3  mm).  Total  yield  of  ester  and  acid 
68. 1'7«  allowing  for  the  ester  recovered  (5.5  g). 

nthyl  ester  of  'i,8-dimethyl-4.6.9-triketocapric  acid  (III.  R  =  C2H5).  To  1.68  g  of  sodium  wire  in  100  ml  of 
dry  ether  was  added  portionwise  23  g  of  ethyl  0 -methyllevulinate.  The  next  day  the  ether  was  decanted  and  the 
salt  precipitate  washed  with  ether,  dissolved  in  iced  water,  acidified  with  hydrochloric  acid  (to  Congo)  and  ex¬ 
tracted  with  ether.  Tlie  product  was  dried  with  sodium  sulfate,  the  solvent  removed  and  the  residue  distilled. 

Yield  5.2  g(30.6‘7<')  allowing  for  the  recovered  ethyl  ester  of  0 -methyllevulinic  acid  (3.0  g). 

B.p.  160-162*  (0.35  mm).  d4”  1.1180,  n^  1.4870;  69.18;  Calc.  68.54  (for  keto  form).  69.39  (for  enol 

form). 

Found  c  62.16,  62.21;  H  7.88,  8.38;  enol  form  (titration  with  alkali)  34;  CH3  (Kuhn-Roth)  14.8,  M  273 
(cryoscopic  measurement  in  dibromoethane).  C,4H2205.  Calculated  1^-.  C  62.22;  H  8.15;  CH3  22.1  (for  four  CH3 
groups).  M  27(). 

3,8-Dimethyl- 4,6, 9-triketocapric  acid  (III,  R=Hy  To  a  solution  of  1  g  of  ester  of  3,3-dimeihyl-4.6,9-tri- 
ketocapric  acid  in  2.5  ml  of  methyl  alcohol  was  added  20  ml  of  dilute  (1;2)  hydrochloric  acid.  The  mixture  was 
refluxed  for  24  hr.  Tltc  hot  hydrolyzate  was  treated  with  0,2  g  of  active  carbon  and  filtered.  Tlie  acid  separated 
in  the  form  of  a  viscous,  oily  liquid  insoluble  in  ether.  Yield  0.4  g  (50')o),  The  monosemicarbazone  of  the  acid 
was  isolated  from  the  methyl  alcohol  in  the  form  of  colorless  crystals  with  m.p.  180-181°, 

Found  '7'’;  C  52.6;  H  7.14;  N  14.11.  Equiv.  242.3.  C,3H2i05N3.  Calculated  C  52.2;  H  7.02;  N  14.05.  Equiv. 
242 


Methyl  ester  of  3,8-dimethyl-4,6,9-triketocapric  acid  (Ill,  R=CH3).  From  7  g  of  methyl  0  -methyllevulinate 
and  0.56  g  of  sixJium  in  100  ml  of  absolute  ether,  under  conditions  similar  to  those  described  above,  was  obtained 
2.3  g  of  methyl  ester  of  3,8-dimethyl-4,6,9-triketocapric  acid.  Yield  37.57o. 

B.p.  174-176*  (0.. 5  mrn),  MR^^  64.73;  calc  .  63.9  (for  keto  form),  64.9  (for  enol  form). 

Found  *70;  c  60.75,  60.99;  H  7.95;  8.06;  enol  form  (titration  with  alkali)  38;  CH3(by  Kuhn— Roth  method) 
11.5.  M  246,  C13H20O5.  Calculated  C  60,92;  H  7.87;  CH3  17.6  (for  three  CH3  groups).  M  256. 

From  4  g  of  ethyl  and  methyl  esters  of  0 -methyllevulinic  acid,  under  the  same  conditions,  was  obtained 
2  g(30.47'')  of  methyl  ester  of  3,8-dimethyl-4,6,9-triketocapric  acid  with  b.p.  174- 176*  (0.5  mm). 

Found  I0:  c  61.16;  H  7.80.  C13H20O5.  Calculated  %  C  60.92;  H  7.87. 

SUMMARY 

The  methyl  and  ethyl  esters  of  3,8-dimethyl-4,6,9-triketocapric  acid  were  synthesized  and  their  structure 
confirmed. 
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INVESTIGATIONS  OF  AMINES  AND  AMMONIUM  COMPOUNDS 
XII.  SYNTHESIS  OF  SOME  AMINES 

A.  T.  Babayan,  G.  T.  Martiro.tyan,  N.  G.  Vartanyan,  and  M.  G.  Indzhikyan 
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Tlic  present  paper  is  concerned  with  the  synthesis  of  a  series  of  unsaturated  and  chlorine-containing  amines: 
l-(limeihylaniino-3-cliloro- 3-methyIbutane  (I),  l-dimethylamino-2,3-dichloro-3-methylbutane  (II),  1-dimethyl- 
aMiiuo-2-chloro-3-methyl-2-butcne  (III),  1- dim  ethyl  amino-2, 2, 3-trichloro- 3 -methylbutane  (IV),  6-hydroxyethyl- 
( 3-chlorobiitcn-2-yl)aminc  (V),  0-hydroxycthyl-di-(3-chlorobuten-2-yl)amine  (VI),  B-hydroxycthylbutyn-2-yl- 
amine.  (VHI),  0-liydroxyethyl-di-(butyn-2-yl)aminc  ( VIIT),  mcthylphenyl-(3-chlorobuten-2-yl)amine  (IX),  methyl- 
phcnylallylaminc  ( X),  methylphenyl-)  ,y -dimcthylallylamine  (XI),  benzylallylamine  (XII),  benzyidiailylamine 
(Xlll),  bcnzylphenylallylamine  (XIV)  and  mcthyldibenzylamine  (XV). 

The  first  four  amines  were  synthesized  from  l-dimethylamino-3-methyl-2“butene  by  the  following  reactions: 


(CH3)2NCH2CH=C-CH3 

I 

CHj 


lO 


(ch3)2nch2C1iciccich3 

I 

(II)  CH3 

InbOH 


(CH3)2NCHaCH2CClCH3 
(I)  (!h3 


(CH3)2NCH2CCl=CCn3 

I 

CH3 

(III) 


HCl,  Cl, 


(CH3)2NCH2CCl2CClCll3 

I 

CHg 

(IV) 


Investigation  of  the  chlorination  of  l-dimethylamino-3-chloro-2-butcnc  hydrochloride  previously  showed 
that  the  presence  of  an  ammonium  group  inhibits  the  L’vov  reaction  and  leads  to  products  of  addition  of  chlorine 
at  the  double  bond  [1].  Similarly  the  chlorination  of  l-dimethylamino-3-methyl-2-butcne  and  of  amine  (III) 
proceeds  smoothly.  Hydrochlorination  of  l-dimethylamino-3-methyl-2-butene  proceeds  under  the  same  conditions 
as  hydrochlorination  of  trimethylethylene.  Consequently,  the  presence  of  an  ammonium  group  does  not  appreciably 
influence  the  character  of  the  reaction. 

As  had  been  expecied,  the  dehydrochlorination  of  amine  (II>  takes  place  with  very  great  facility  even  at 
room  temperature. 

Yields,  physical  constants  and  melting  points  of  derivatives  of  amines  (I-IV)  are  set  forth  in  Table  1. 

Amines  (V)  and  (VI)  were  obtained  by  reaction  of  l,3-dichloro-2“butene  with  ethanolamine. 
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TABLE  1 .  Physical  Constants  and  Analyses  of  Amines  (I-IV) 


/I 


!3 

c 

3 

(j 

n 
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H2NCIf2Cil20n 


.  HOCH2CH£NHCll2CH=CCl-CHs 

/  (>) 

\ 

^  Horn2CH2N{cn2CH=cci-CHs)2 


(VI) 


Yields  of  amines  (V)  and  (VT)  depend  on  the  ratio  of  l,3-dichloro-2-bntene  to  cthanolamine  (Table  2). 

Our  earlier  method  of  preparing  tertiary  amines  with  a  butyl  radical  [2]  was  employed  in  the  synthesis  of 
amine  (Vlll).  Reaction  between  l,3-dichloro-2-butene  and  compound  (M)  gave  6-hydroxyethyl-tri-(3-chloro- 
buten-2-yDammonium  chloride  whose  alkaline  cleavage  led  to  compound  (VIII). 


CHarx.l^ClICll^Cl  4  (VI)  — >  [nOGM2Cn2N{CH2CH=CClCIl3)l3^Cl--^“ 

— -  iiocii2CH2N(cii2C=c— 0113)2 

(VIII) 


Dehydrochlorination  of  (V)  to  (VII)  was  effected  by  heating  with  pulverized  potassium  hydroxide  on  a  boil¬ 
ing  water  bath. 

Data  for  amines  (V)  and  (VIII)  are  set  forth  in  Table  3. 

Amines  (IX)  to  (XV)  were  prepared  by  "nitralkylation"  with  alkyl  halides  in  an  aqueous  alkaline  medium 
in  presence  of  catalytic  quantities  of  quaternary  ammonium  salts  [3].  Amines  (IX)  and  (XI)  are  described  for  the 
first  time  and  data  for  them  are  given  in  Table  3.  Concerning  the  remaining  amines,  already  described  in  the 
literature,  wc  report  only  their  yields;  (X)  and  (XIV)-727<’,  (XTIl-BO^o,  (XIir)-66'7p and  (XV)— 54*553 

Amine  (IX)  has  also  been  prepared  by  alkylation  of  methylaniline  with  trimethyl-(3-chlorobuten-2-yl) 
ammonium  iodide  in  65*55' yield  [4]. 

Cfln6Nncn3  4-  ((CH3)3Nch2Ch=ccich31+i  -  — 

- -  C«M5N(CH3)(GH2CH=CC1CH3)  4.  (GH3)3N  .  HI 

(IX) 


EXPERIMENTAL 

1.  Preparation  of  l-dimcth>lainino-3-chloro-3-methylb'jtane  (I).  A  solution  of  l-dimethylamino-3-methyl- 
2-butene  hydrochloride  was  saturated  with  hydrogen  chloride  and  stood  at  room  temperature.  The  mixture  was 
carefully  made  alkaline  with  sodium  carbonate,  extracted  with  ether  and  distilled  (see  Table  1). 

2.  Preparation  of  products  of  chlorination  of  l-dimcthylamino-3-mcthyl-2-butene  and  amine  (III).  Chltwlne 
was  passed  through  a  suspension  of  the  hydrochlorides  in  carbon  tetrachloride  at  -15"  until  tlie  theoretical  quantity 
had  been  absorbed.  Evolution  of  hydrogen  chloride  was  not  observed  (Table  1). 

3.  Preparation  of  l-dimcthylamino-2-chloro-3-methvl-2-butene  (III).  Amine  (II)  was  dissolved  in  25*7t> 
alcoholic  potassium  hydroxide  and  stood  overnight  at  room  temperature.  The  mass  was  then  heated  for  an  hour 
at  50".  The  precipitated  potassium  chloride  was  filtered  off.  The  filtrate  was  diluted  with  water  and  the  amine 
extracted  with  ether  and  distilled  (Table  1). 

4.  Preparation  of  B-hydroxyethyl-3-chloro-2-butenylamines  (V)  and  (VI).  To  water-cooled  etlianolamine 
was  added  1,3-dich^oro- 2-butene.  Completion  of  reaction  was  established  by  treatment  of  a  sample  with  hydro¬ 
chloric  acid.  Yields  of  amines  (V)  and  (VI)  in  dependence  on  the  molar  ratio  of  1,3-dichloro- 2-butene  to  ethanol- 
amine  are  set  forth  in  Tables  2  and  3. 
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TABLn  .  riiv'^ical  Constants  and  Analyses  of  An\i!>cs  ( V’)-(l\)  and  (XI) 


Com- 

1 

Yield  ' 

1 

Boiling  point 
(pressure  in 
mm) 

M  1 

Content  of  Cl  and  N  (In  7>>) 

pound 

(in 7®)  j 

i 

rf.” 

found  j 

calcu-| 
lated  1 

formula  j 

calcu¬ 

lated 

found 

(V) 

54 

120-123®  (9) 
M.p.  54 

— 

— 

— 

C„H,oONCl 

23.74* 

23.37 

(VI) 

66 

1 ',8—149  (9) 

1.1350 

1.5082 

62.53 

62.65 

( ^  1 17^  ^  ^  l‘> 

29.79* 

29.89 

(VII) 

84 

<in_10()  ,fi) 

0.9913 

1.4813 

32.62 

1  32.97 

12.4** 

12.61 

(VIII) 

85 

88-90  (7) 

0.9789 

1.1991 

19..50 

1  4'9.86 

V'lnl  1 15UN 

8.48** 

8.18 

(IX) 

80 

180-131(10) 

1.0S66 

1  ..5600 

57.17 

i  57.63 

‘’uHhNCI 

7.16** 

7.5 

(XI) 

90 

102—107  (7) 

0.993S 

1..55IO 

58.18 

1 

1  57.51 

(:,.,h,7N 

8.00** 

8.45 

Notes.  1.  One  star  denotes  analysis  for  chlorine,  two  stars  for  nitrogen.  2.  The  hydro¬ 
chloride  of  (VI)  has  m.p.  (14',  the  hydrochloride  of  (VII)  has  m.p.  82*.  For  compound  (VIII) 
the  m.p.  of  the  picratc  of  the  base  is  .‘11  1*  (from  the  methiodidc);  for  compounds  (IX)  and 
(X)  the  melting  points  of  tlie  picratc  are  87  and  101'  respectively. 

5.  Dchydrochlorination  of  fl-hydro>:vcthyl-(  3-chloro-2-butcnyl)aminc.  A  mixture  of  45  g  of  amine  and  25 
g  of  poLissium  hydroxide  powder  was  heated  on  a  boiling  water  bath  for  12  hr.  Potassium  chloride  (22  g)  was 
precipitated.  Tlicre  was  obtained  28.5  g  (84'’/')  of  dehydrochlorinatcd  amine  (VII)  (Table  8). 

6.  Alkaline  cleavage  of  6-hydroxyethyl-tri-(3-chloro-2-butenyl)ammonium  chloride.  A  solution  of  25.8  g 
of  amine  (VI)  and  18.75  g  of  l,8-dichloro-2-butene  was  heated  on  a  boiling  water  bath.  To  the  resulting  quatern¬ 
ary  ammonium  salt  was  added  an  aqueous  solution  of  NaOH.  Cleavage  was  effected  by  heating  on  a  boiling  water 
bath.  The  separated  upper  layer  and  the  ethereal  extract  of  the  lower  layer  were  combined,  dried  and  fractionated 
to  give  8  g  of  amine  (VIII)  (85‘7<’  yield)  (Table  3).  In  addition  10  g  of  the  original  amine  was  recovered. 

7.  Preparation  of  amines  (IX-XI).  To  a  mixture  of  equimolar  amounts  of  mcthylaniline  and  the  appropriate 
alkenyl  chloride,  heated  on  a  boiling  water  bath  in  presence  of  catalytic  amountsof  a  quaternary  ammonium  salt, 
was  added  an  equimolar  quantity  of  5  N  aqueous  NaOH  solution  with  stirring  in  the  course  of  20  min.  Heating  and 
stirring  were  continued  for  another  5  min.  The  upper  layer  was  then  separated  and  acidified.  Unreacted  1,3-di' 
chloro- 2-butene  was  extracted  with  ether.  Ther  hydrochloric  acid  solution  was  made  alkaline  and  the  separated 
amine  dried  and  distilled.  Yield  of  (X)  81-82"  (3  mm);  picratc  m.p.  92°  [5]. 

8.  Preparation  of  amines  (XII)-(  XV).  Under  conditions  similar  to  the  preceding  ones,  alkylation  of  benzyl- 
amine  with  an  equimolar  quantity  of  allyl  bromide  gave  amine  (XII).  Reaction  of  benzylamine  with  double  the 
molar  proportion  of  allyl  bromide  gave  amine  (XIII).  Bcnzylallylaminc  (XII);  yield  60'7'’,  b.p.  200'  (680  mm); 
picrate,  m.p.  100". 

Found  7-':  N  9.99.  CmHijN.  Calculated  7o:  N  9.52. 

Literature  [6]:  b.p.  205—208*  (760  mm). 

Benzyldiallyamine  (XIII):  yield  b.p.  103- 105"  (6  mm);  picrate,  m.p.  114". 

Found  N  7.39.  CijHnN.  Calculated  N  7.49 

Literature  [7]:  b.p.  121-124"  (20  mm);  picrate,  m.p.  114". 

Reaction  of  benzylphenylamine  with  allyl  bromide  gave  (XIV);  yield  12%  b.p.  146"  (4  mm);  hydrochloride, 
m.p.  220". 

Literature  data  [8]:  b.p.  178"  (14  mm);  hydrochloride,  m.p.  220-221". 

Alkylation  of  methylamine  with  double  the  molar  proportion  of  benzyl  chloride  in  presence  of  a  quaternary 
ammonium  salt  gave  (XV);  yield  5470;  in  the  absence  of  catalyst  the  yield  257o;  b.p.  287-290"  (680  mm);  oxalate, 
m.p.  192";  picrate,  m.p.  107*. 

Literature  data  [9]:  b.p.  299*  (760  mm);  picrate,  m.p.  107". 

9.  Preparation  of  (IX)  by  alkylation  of  methylaniline  with  trimethyl-(3-chloro-2-biitcnyl)ammonium  iodide. 
A  mixture  of  27.55  g  of  trimethyl-(3-chloro-2-butenyl)ammonium  iodide  and  21.4  g  of  methylaniline  was  heated 
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for  5  hr  at  145-147*.  The  reaction  mixture  was  diluted  with  water  and  extracted  with  ether.  There  was  obtained 
12.7  g(64.97'’)  of  mcthylphenyl-(3-chloro-2-bulenyl)amlne  with  b.p.  120-122*  (1  mm).  The  aqueous  layer  was 
made  alkaline  and  577' of  trimethylamine  was  recovered  by  absorption  in  acid. 

SUMMARY 

1.  New  examples  confirmed  the  correctness  of  our  earlier  observation  that  the  L'vov  reaction  Is  inhibited 
during  low-tempcraturc  chlorination  of  hydrochlorides  of  amines  containing  a  6,  y -unsaturated  radical,  due  to 
the  presence  of  an  ammonium  group,  and  that  the  reaction  yields  products  of  addition  of  chlorine  at  the  double 
bond. 


2.  The  earlier  method  of  "nitralkylation"  in  an  aqueous  alkaline  medium  in  presence  of  catalytic  quantities 
of  quaternary  ammonium  salts  was  applied  to  additional  preparations. 
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IN  VKS  TIG  A  TIONS  IN  THE  FIELD  OF  O  RG  A  N I C  -  O  X I  D  E  CHEMISTRY 
XVII.  INTER.\CTION  OF  PRIMARY-SECONDARY  ACETYLENIC  OXIDES  WITH  METHYLAMINE 

V  M.  Al’birskaya,  E.  M.  Blyakhman,  and  A.  A.  Petrov 
Lcn^ovc't  Lciiinprad  Technological  Institute 

Translated  from  Zhurnal  Obshchei  Khiniii,  Vol.  30,  No.  7,  pp.  22Ff7-2269. 

July.  lObO 

(''ricinal  article  s\ibmitted  July  lo,  10.S9 


The  main  regularities  in  the  reactions  of  saturated  a-oxides  with  amines  and  ammonia  were  established  in 
the  classical  works  of  K.  A.  Krasuskii  [I],  Peculiarities  in  the  reactions  of  ethylenic  a-oxidcs  were  investigated 
in  recent  years  by  a  number  of  chemists,  including  the  authors  of  this  article  [2-6],  In  several  works  F  Ya.  Per- 
veev  and  co-workers  investigated  the  interaction  of  ammonia  and  amines  with  acetylenic  and  vinylacetylenic 
oxides  [7J.  In  these  works  it  was  established  that,  in  the  case  of  primary-tertiary  and  secondary- tertiary  oxides, 
amines  add  to  them  according  to  K  A.  Krasuskii's  rule;  however,  the  amino  alcohols  of  the  acetylene  series 
formed  in  this  case  are  more  or  less  (depending  on  the  structure)  easily  converted  to  homologs  of  pyrrole.  The 
question  of  the  behavior  of  primary-secondary  acetylenic  a-oxides  in  the  given  reaction  remained  uninvestigated. 

We  studied  the  interaction  of  methylamine  with  two  acetylenic  oxides  of  the  indicated  type— 1,2-epoxy- 
hexyne-3(I)  and  l,2-cpoxyoctyne-3  (II). 

(''xide  (I)  reacted  with  methylamine  to  form  a  mixture  of  amino  alcoliol  (III)  and  N- methyl- 2-ethylpyrrole 
(IV).  Amino  alcohol  (III)  gave  N- methyl- 2-ethylpyrrole  on  dehydration  over  KOH. 

CjHs-feC-CIl-CMj  C2n5-C^C-CHOII-CM.3NIICIl3 

(I)  Xq/  |-h,o  (HD 

CH-CH 

II  II 

C2H5-G  CH 

\-CH3 

(IV) 

The  reaction  of  oxide  (II)  with  methylamine  gave  only  N- methyl- 2-butylpytrole  (V). 

The  formation  of  substituted  pyrroles  indicates  that  addition  of  the  amine  to  the  oxide  ring  takes  place  in 
strict  conformity  with  K.  A.  Krasuskii's  rule. 

Pyrrole  homologs  (IV)  and  (V)  are  colorless  liquids  with  a  characteristic  odor.  They  color  a  pine  splinter, 
moistened  witli  hydrochloric  acid,  red.  They  give  a  violet  color  with  SeO^.  They  form  mercury  derivatives  and 
enter  into  the  diazo  coupling  reaction.  The  infrared  spectra  of  both  substances  contain  bands  characteristic  of 
pyrroles  in  the  1300  and  1500  cm~*  regions  [8]. 

Our  investigation  showed  that  primary-secondary  acetylenic  oxides  behave  the  same  as  primary-tertiary 
and  secondary-tertiary  ones  in  reactions  with  amines. 
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EX  PERIMENTA  L 


Re.icrion  of  oxide  (I)  with  methylaminc.  To  a  fivefold  excess  of  33^0  methylamine  solution.  17  g  of  oxide 
(])  was  slowly  (dropwisc)  added,  the  mixture  being  cooled  and  stirred  [9].  The  reaction  mixture  was  kept  for  4 
days  at  room  temperature  and  the  reaction  products  then  salted  out  with  potash,  the  methylamine  being  simultan- 
couslv  driven  off.  Tlic  oil  formed  was  separated,  dried  with  potasli,  and  distilled  in  vacuo.  In  this  case  7  g  of  N- 
niethyl-2-ethylpyrrole  (IV)  and  3  g  of  iiigh-boiling  crystalline  product  (III)  were  obtained.  Total  yield,  about  507o, 
reckoned  on  the  oxide  taken, 

N-Methvl-2-ethvlpyrrole.  B.p.  58.5-59.5’ ( 15  mm),  d4*°  0.9024,  n^^  1.4902,  MR  34.93;  Calc.  35.33. 

Found  7-  C  77.68,  77.90;  H  10.32,  10.46.  CtH^N.  Calculated  C  77.02;  H  10.16. 

Tlic  mercury  derivative  was  a  brownish  powder  with  m.p.  80"  (decomp.). 

N-Mcthylaminohcxyn- 3-01-2  (III).  M.p.  67"  (from  petroleum  ether). 

Found  7.':  C  66.0.5,  66.16;  H  9.95,  10.25.  C7H,30N.  Calculated  C  66.10;  H  10.29. 

Picrolonate,  m.p.  1 1 1’ (decomp.). 

Amino  alcohol  (III)  was  dehydrated  by  slow  distillation  over  solid  KOH  in  vacuo;  in  this  case  a  liquid  with 
b.p.  about  59°  ( 15  mm)  was  obtained,  which  had  all  the  properties  of  N- methyl- 2-ethylpyrrc  . 

ICeaction  of  oxidc  (H)  with  methylamine.  Under  conditions  similar  to  those  described  above,  19  g  of  oxide 
(II)  f9|  gave  11  g(55v)  of  N-mcthyl-2-hutylpyrrole  ( V). 

N-Mcthyl-2-butyl[>yrrole.  B.p.  84-8.5"  (15  rnm),  d4^  0.8930,  1.4745,  MR  44.17;  Calc.  44.56. 

Found  7.’;  C  79.23,  79.48;  H  10.27.  10.93.  CjUigN.  Calculated  C  78.77;  H  10.03. 

Mercury  derivative,  m.p.  9.3°  (decomp.). 

SUMMARY 

1.  The  reactions  of  l,2-epoxyhcxyne-3  with  methylamine  were  investigated. 

2.  It  was  shown  that  pyTroic  homologs  are  formed  in  this  reaction  even  in  the  cold.  In  the  case  of  the  first 
oxide  an  amino  alcohol— N-methylaminohexyn-3-ol-2-also  was  obtained;  the  latter  was  easily  converted  to  N- 
mcthyl-2-ethylpyrrole  by  distillation  over  KOH. 
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In  recent  years  works  have  appeared  on  the  building-up  of  isoprenoid  chains  by  condensation  of  acetals 
either  successively  with  vinyl  and  propenyl  ethers  [1]  or  directly  with  2-methylbntadienyl  ether  (ethoxyisoprene) 
[2],  In  connection  with  this,  it  is  of  interest  to  synthesize  acetals  of  aldehydes  of  the  cyclohexene  scries— analogs 
of  B-cyclocitral.  These  acetLils  may  be  used  as  starting  materials  for  the  synthesis  of  inadequately  studied  analogs 
of  vitamin  A  by  the  above-mentioned  schemes. 

In  the  present  article  rhe  preparation  of  2,G-dimcthyl- A^-tctrahydrobenzaldehyde  dimethyl,  diethyl,  and 
dibutyl  acetals  is  described.  Tliey  were  synthesized  according  to  a  scheme  similar  to  that  for  the  preparation  of 
the  aldehyde  itself  [3,  1]. 


/"'^|-r.U(011)2 

\/\ 

(HI) 


\/\ 

(!') 


It  a  =  cn,.  ii  b  =  c,H,,  u  c  --  c,h». 


Tlic  synthesis  of  2,6-dimethyl-^*-tetrahydrobenzaldchyde  by  such  a  scheme  involves  certain  difficulties; 
the  hydrogenation  of  aldehyde  (I)  does  not  go  easily  at  normal  pressure,  and  the  dehydrobromination  of  1-bromo- 
2,6-dimethylhcx3hydroben7aldehyde  leads  to  a  mixture  of  products,  difficult  to  resolve.  Acetals  of  a,  S-unsatura- 
ted  aldehydes  arc  obtained  in  low  yields.  The  described  route  of  synthesis,  which  provides  for  displacement  of  the 
double  bond  right  in  the  acetal  molecule,  makes  it  possible  to  avoid  these  bottlenecks. 

TTie  acetalization  of  2,6-dimcthyl-A^-tetrahydrobcnzaldehyde  was  studied  in  detail  in  the  case  where  its 
dimethyl,  diethyl,  and  dibutyl  acetals  were  prepared.  Methyl,  ethyl,  and  butyl  alcohols,  respectively. were  used 
as  acetalizing  agents  (in  the  last  case  water  was  distilled  off  continuously  in  the  course  of  the  reaction),  as  well 
as  tctramethoxysilane,  tetraetlioxysilane.  and  orthoformic  ester.  Concentrated  hydrochloric,  phosphoric,  and 
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p-toliicncsiilfonic  acids  were  used  as  catalysts.  It  must  be  noted  that  phosphoric  acid,  which  is  a  good  catalyst  for 
preparinc  acetals  and  kctals  of  aliphatic  and  aromatic  aldehydes  and  ketones  by  means  of  tctraalkoxysilancs  [5], 
leads  to  very  impure  acetals  in  poor  yields  in  the  present  case.  Yields  of  acetaLs,  reckoned  on  reacted  2.6-dlmcth- 
yl- A^-tctrahydrobenzaldchydc.  arc  given  in  the  table. 

Tlic  hydrogenation  of  acetals  (II)  over  a  5*70  Pd/BaS04  catalyst  leads  to  the  formation  of  the  corresponding 
saturated  acetals  (III)  in  95- OH'T’ yields.  By  the  u.'ual  method  for  aldehydes,  dibutyl  acetal  (Illc)  gave  a  2,4-di- 
nitrophenyliiydrazonc  with  m.p.  120-130”.  which  corresponds  to  the  described  2,4-dinitrophcnylhydrazonc  obtained 
from  2,r.-dinicthylhexahydrobenzaldchyde. 

Tlie  dimethyl,  diethyl,  and  dibuU'l  acetals  were  further  brominated.  In  order  to  prevent  replacement  of  the 
alkoxy  group  by  bromine,  the  reaction  mass  was  treated  after  bromination  with  an  excess  of  the  corresponding 
alcohol.  l-Bromo-2,6-dimeti^ylhcxaliydrobenzaldehydc  acetals  (IV)  were  obtained  in  60-70*70  yields. 


o- Rromo-snhstitiited  acetals  (IV)  must  be  dehydrobrominated  at  a  lower  temperature  than  a-bromo-substitu- 
ted  aldehydes.  Tlius,  when  acetals  (IVa,  b.  c)  arc  briefly  heated  (2-3  minutes)  in  diethylaniline  solution  at  220", 
dehydrobromination  is  accompanied  by  splitting-off  of  one  of  the  alkoxyl  groups,  and  the  corresponding  cyclic 
dicnic  etliers  arc  formed. 
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Relation  Between  iJie  Yield  of  Acetal  and  the  Character  of 
the  Acetalizing  Agent  and  the  Catalyst 


Acetal  jAcctalizing  agent 

Catalyst 

Yield 
(in  *70) 

(Ma) 

Si(OCII,)4 

IlCl 

77 

(lla) 

Si((>Clh)4 

lhF’04 

13.4 

(lla) 

CM-, Oil 

MCI 

70 

(lib) 

Si(Ut:olI04 

MCI 

62 

(Mb) 

Si(OColl,)4 

1I:,P04 

17.4 

(lib) 

CoiKoii 

MCI 

59 

(Mb) 

Cl  1  ((>(--’ Hr, )t 

p  ClhColUSOgM 

90 

(Me) 

CiMnUH' 

p-CM  ,C^.n4S03M 

81.5 

This  reaction  goes  especially  easily  and  completely  in  the  case  of  dimethyl  acetal  (IVa),  and  with  more 
difficulty  in  the  case  of  dibutyl  acetal  (IVc).  The  alkoxydienes  obtained  have  lower  boiling  points  and  higher  . 
refractive  indices  than  the  corresponding  a,  6 -unsaturated  acetals,  and  are  characterized  by  245-247  mg 

(f  23700-27500)  in  the  UV  spectrum.  The  2,4-dinitrophenylhydrazone  was  also  prepared  from  them  by  the  usual 
method;  it  melted  at  162.5-163.5”  and  corresponded  to  the  described  2,6-dimethyl- A’-tctrahydrobenzaldehyde 
2,4-dinitrophenylhydrazone. 

When  dimethylacetal  (IVa)  was  heated  with  potassium  tert-butoxide  in  an  excess  of  tcrt-butyl  alcohol,  30*70 
of  the  original  bromo- substituted  acetal  (IVa)  was  recovered,  and  30*70  was  dehydrobrominated.  Good  results  with 
regard  to  dehydrobromination  were  obtained  by  heating  acetals  (IV)  with  a  ninefold  excess  of  powdered  KOH  with¬ 
out  solvent  at  110-130”.  a.  6 -Unsaturated  acetals  (V)  are  obtained  in  55-70*70  yields,  and  are  quite  pure  after  two 
distillations.  The  2,4-dinitrophenylhydrazone  obtained  from  them  corresponds  to  2,6-dimethyl-A*-tetrahydrobenzal- 
dehyde  2,4-dinitrophenylhydrazone,  melts  at  162.5-163.5”  [3],  and  has  a  cliaracteristic  UV  absorption  spectrum 
with  ^jpax  24500). 

EX  PERIMENTAL 

2,6- Dimethyl- A^-tetrahydrohenzaldehyde  dimethyl  acetal  (Ha),  a)  To  15  g  of  2,6-dimethyl- A^-tetrahydro- 
benzaldehyde  (I).  18.4  g  of  tetramethoxysilane  and  a  solution  of  1  ml  of  hydrochloric  acid  in  0.4  ml  of  anhydrous 
methyl  alcohol  were  added.  The  mixture  stood  for  3  days  at  room  temperature,  and  then  was  treated  with  50  ml 
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of  hydroxide  solution;  the  oil  which  fioated  to  tlic  surhcc  w'as  separated  and  waslicd  with  water.  The 

wash  waters  were  extracted  with  ether.  The  ethereal  extract  was  coi-nhineJ  with  the  oil  layer  and  dried  with 
potash.  On  distillation  3.2  g(2].3'7’)  of  the  original  aldehyde,  b.p.  GO-68"  (8  mm),  1.4668  and  12  g('l"‘7c)  of 

2,6-dimethyl-A^-tetrahydrobenzaldehyde  dimethyl  acetal  were  obtained. 

B.p.  82-84"(R  mm),  n^”  1.4609,  dzo^®  0.949,  MR  53.61;  Calc.  53.37. 

Found  '7";  C  71.95.  71..86;  H  10.80,  10.86.  CnHjflOz.  Calculated  ‘T’f;  C  71.70;  H  10.89. 

Tarry  residue  2.5  g. 

b)  A  solution  of  20  g  of  the  aldehyde  in  80  ml  of  anhydrous  methyl  alcohol  and  0.75  ml  of  hydrochloric 
acid  (d  1.18)  stood  for  3  days  at  room  temperature  and  then  was  treated  with  70  ml  of  saturated  soda  solution  and 
extracted  with  etlier.  The  ethereal  extracts  were  dried  with  potash.  On  distillation  3  gflh'^’)  of  the  original  alde¬ 
hyde,  b.p.  52-60*  (2.5  mm),  n^^  1.4660  and  15.5  g  (70'7<’)  of  the  dimethyl  acetal,  b.p.  74—76®  (2.5  mm),  np” 
1.4609  and  2  g  of  a  tarry  residue  were  obtained. 

c)  A  mixture  of  20  g  of  the  aldehyde,  24.5  g  of  tetraethoxysilane.  4  ml  of  anhydrous  methyl  alcohol,  and 
0.3  ml  of  857<’  phosphoric  acid  stood  at  room  temperature  for  3  days.  The  mixture,  which  had  become  quite  dark, 
was  treated  with  SO^o  alkali,  and  the  separated  oil.  combined  with  etliereal  extracts  from  the  alkaline  solution,  was 
washed  wMth  water  and  dried  with  potash.  After  four  distilhitions  .3. 6  g  ( 13.4V)  of  the  acetal,  b.p.  76—77.5*  (5  mm), 

np^  1622. 

2.6-  Dimethyl- A^-tetrahydrobenzaldehyde  diethyl  acetal  (lib)  [3].  a)  A  solution  of  53  g  of  2,6-dimcthyl- 
A^-tetrahydrobenzaldehyde  (I),  80  g  of  tetraetho.xysilane,  1.5  ml  of  hydrochloric  acid  (d  1.18),  and  56  ml  of  an¬ 
hydrous  alcohol  stood  for  3  days  at  room  temperature.  After  the  usual  treatment  there  were  obtained  14  g  (26.7V) 
of  the  original  aldehyde,  b.p.  64-70®  (8  mm),  Up  1.4660,  51  g  (62V)  of  2,6-dimethyl-A^-tetrahydrobenzaldehyde 
diethyl  acetal,  b.p.  68-70®  (1  mm),  np  1.4532,  and  2  g  of  a  tarty  residue. 

b)  A  mixture  of  15  g  of  the  aldehyde,  25.2  g  of  tetraethoxysilane,  0,3  ml  of  RSV  phosphoric  acid,  and 
0.64  ml  of  anhydrous  alcohol  was  kept  for  3  days  at  room  temperature.  After  the  usual  treatment  there  were 
obtained  5  g  of  the  original  aldehyde,  b.p.  60—80®  (8  mm),  np^  1.4630,  4  g  ( 17.4V)  of  the  diethylacetal,  b.p. 

99—  100®  (8  mm),  n^^®  1.4543  and  5  g  of  a  tarry  residue. 

c)  A  mixture  of  10  g  of  the  aldehyde,  13  g  of  orthoformic  ester,  50  ml  of  anhydrous  alcohol,  and  1  ml  of 
p-toluenesulfonic  acid  stood  for  24  hours  at  room  temperature,  after  which  it  was  diluted  with  90  ml  of  ether, 
washed  with  CO  ml  of  saturated  soda  solution,  and  dried  with  potash.  On  distillation  12.5  g(90V)  of  the  diethyl 
acetal,  b.p.  70— 71®(1  mm),  np®  1.4530. 

The  same  result  was  obtained  when  boron  trifluoride  etherate  was  used  as  catalyst. 

2.6- Dimethyl-A^-tetrahydrobenzaldehyde  dibutyl  acetal  (lie).  A  mixture  consisting  of  39  g  of  2,6-dimethyl- 
A®-tetrahydrobenzaldehyde  (I),  46  g  of  n-butyl  alcohol,  45  ml  of  n-hexane,  and  0.05  g  of  p-toluenesulfonic  acid 
was  heated  for  10  hours  in  an  apparatus  provided  with  a  distilling  receiver.  During  this  time  4  ml  of  water  was 
collected.  The  reaction  mass  was  treated  with  30  ml  of  saturated  soda  solution,  and  the  organic  layer  was  separa¬ 
ted,  and  dried  with  potash.  On  distillation  there  were  obtained  6.3  g  (16.2V>)  of  the  original  aldehyde,  b.p.  34—50® 
(2  mm),  np®  1  4670  and  50  g  (81.5V)  of  2.6-dimethyl-A^-tetrahydrobenzaldchyde  dibutyl  acetal. 

B.p.  109-112®(1  mm),  np®  1.4600,  djo^®  0.9038,  MR  81.29;  Calc.  81.12. 

Found  V:  C  76.31,  76.38;  H  11.80,  11.63.  C17H32O2.  Calculated  7o:  C  76.12;  H  11.94. 

Tarry  residue  2  g. 

2.6- Dimethylhexahydrobenzaldehyde  dimethyl  acetal  (Ilia).  A  solution  of  20  g  of  2,6-dimethyl- A^-tetra- 
hydrobenzaldehyde  dimethyl  acetal  (Ila)  in  200  ml  of  anhydrous  methyl  alcohol  was  shaken  in  a  current  of  hydro¬ 
gen  in  the  presence  of  1  g  of  6V  Pd/BaS04.  During  5  hours  2560  ml  of  hydrogen  was  absorbed,  which  corresponds 
to  the  caleulated  quantity.  The  catalyst  was  filtered  out, the  alcohol  driven  off,  and  the  hydrogenation  product 
distilled  in  vacuo.  There  was  obtained  19.2  g(95V)  of  2,6-dimethylhexahydrobenzaldehyde  dimethyl  acetal. 

B.p.  73-75®  (2.5  mm),  rip®  1.4523,  djo®  0.9301.  MR  53.98;  Calc.  54.08. 

Found  V:  C  71.17,  71.23;  H  11.70,  11.98.  Calculated  V:  C  70.96;  H  11.77. 
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2.6- Dimethylhexahydrobenzaldehyde  diethyl  acetal  (Illb)  was  similarly  obtained,  in  98‘7-yield.  B.p.  84—87* 
(2.6  mm),  n^^  1.4451  [3]. 

2,f>-Dimcthylhcxahy(irobenzaldchydc  dibiityl  acetal  (File)  was  obtained  in  97‘7o  yield. 

B.p.  101-  102*  (2  mm),  np^"  1.4528.  d2n^'’  0.8936,  MR  81.61;  Calc.  81.79. 

Found  C  75.57.  75,63;  H  12.27,  12.33.  Calculated  C  75.55;  H  12.59. 

1-Broino-2,6-Jimctliylhcxahvdrobenzaldehyde  dimethyl  acetal  (IVa).  To  a  solution  of  24  g  of  2,6-dimethyl- 
hexaliydrobcnzaldcliydc  dimethyl  acetil  (Ilia)  in  120  ml  of  chloroform  with  vigorous  stirring,  cooling,  and  illumi¬ 
nation  with  a  300  w  lamp  a  .solution  of  20.6  g  of  bromine  in  65  ml  of  chloroform  was  added  dropwise.  The  reaction 
mass  was  kept  at  a  temperature  from  -7  to  -5*.  When  the  bromine  addition  was  finished,  60  ml  of  anhydrous  methyl 
alcohol  was  added.  Tire  mixture  v/as  kept  at  room  temperature  for  5  hours  and  then  treated  with  200  ml  of  2  N 
alkali  solution,  the  mixture  being  cooled  to  5";  then  the  chloroform  layer  was  separated,  and  the  water  layer  was 
extracted  three  times  with  chloroform.  The  chloroform  extract  was  dried  with  potash.  On  distillation  there  was 
obtained  6.4  g  (26.6'7c)  of  the  original  dimethyl  aeetal,  b.p.  55—64”  (0.5  mm)  and  16.2  g  (64.57°)  of  1-bromo- 

2,6-dimethylhexahydrobenzaldehyde  dimethyl  acetal. 

B.p.  68-70"  (0.5  mm),  n^”  1.4925,  d*?  1.2380.  MR  62.09;  Calc.  61.85. 

Found  7°:  C  49.67,  49.75;  H  7.81,  8.06.  CnHjiOjBr.  Calculated  7°:  C  49.81;  H  7.92. 

l-Bromo-2,6-dimethyIhexahydrobenzaldehyde  diethyl  acetal  (IVb)  was  similarly  obtained.  In  69‘7yleld. 

B  p.  83-85*  (0.5  mm),  n^^  1.4820,  d^^'*  1.182,  MR  70.67;  Calc.  71.09. 

Found  7°:  C  53.00.  53.10;  H  8.43.  8.21.  Ci3H2502Br.  Calculated  7°;  C  53.24;  H  8.53. 

l-Bromo-2,6-dimcthylhexahydrobenzaldehyde  dibutyl  acetal  (I Vc)  was  obtained  in  6l7oyleld. 

B.p.  115-  118"  (0.2  mm),  n^^  1.4822,  dzo^®  1.113,  MR  89.46;  Calc.  89.55. 

Found  7°:  C  58.57,  .58.66;  H  9.18.  9.31.  CiTHjjOjBr.  Calculated  7°:  C  58.50;  H  9.45. 

2.6- Dimethyl-A'-tetrahydrobenzaldehyde  dimethyl  acetal  (Va).  A  mixture  of  7.2  g  of  l-bromo-2,6-dl- 
methylhexahydrobenzaldehyde  dimethyl  accLTl(IVa)  and  15  g  of  powdered  potassium  hydroxide  was  vigorously 
stirred  for  2  hours  at  110°.  Then  20  ml  of  water  was  added  and  the  organic  layer  extracted  with  ether  and  dried 
with  potash.  After  two  distillations  there  was  obtained  3.2  g(637<’)  of  2,6-dimethyl-A^-tetrahydrobenzaldehyde 
dimethyl  acetal. 

B.p.  59-61°  (1.5  mm),  n^^  1.4641,  d2o^®  0.9498,  MR  53.46;  Calc.  53.61. 

Found  7°:  C  71.98.  71.65;  H  11.12,  11.06.  CiiUzoGj.  Calculated  7°:  C  71.73;  H  10.87. 

Tlie  2,4-dinitrophenylhydrazone  obtained  was  recrystallized  twice  from  alcohol;  it  then  melted  at  152.5- 

163.5°,  \  382  mu  (e  24500). 

max  ' 

2.6- Dimcthyl-A^-tetraliydrobenzaldehyde  diethyl  acetal  (Vb).  A  mixture  of  10  g  of  l-bromo-2.6-dimethyl- 
hexahydrobenzaldehyde  diethyl  acetal  (IVb)  and  19.2  g  of  powdered  potassium  hydroxide  was  stirred  for  2.5  hours 
at  120-130°  After  the  usual  treatment  there  was  obtained  4,1  g(567o)  of  2.6-dimethyl-A^-tetrahydrobenzaldehyde 
diethyl  acetal. 

B.p.  70-71"  (1.5  mm),  n^”  1.4580,  djo^®  0.9168,  MR  62.97;  Calc.  62.85. 

Found  7°:  C  74.25,  74.33;  H  11.03,  11.20.  C1SH24O2.  Calculated  7°:  C  74.10;  H  11.14. 

2.6- Dimethyl-A^-tetrahydtobenzaldehvde  dibutyl  acetal  ( Va).  A  mixture  of  13  g  of  l-bromo-2,6-dlmethyl— 
hexahydrobenzaldehyde  dibtityl  acetal  and  20.5  g  of  pov  dered  potassium  hydroxide  was  vigorously  stirred  for 

2.5  hours  at  140-150°.  After  tlie  usual  treacment  there  was  obtained  5.5  g(557(’)  of  2,6-dimerhyl-A^-tetrahydro- 
benzaldehyde  dibutyl  acetal. 

B.p.  91-94"  (1  mm),  n^”  1.4597,  djo”  0.9010,  MR  81.41;  Calc.  81.32. 

Found  7°:  C  76.33,  75.98;  H  11.87,  11.64.  C17HS2O2.  Calculated  7°;  C  76.12;  H  11.93. 
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l-Mctlioxymcthylcnc-C.G-dimcthylcyclohcxfnc-C  (VI).  A  mixture  of  g  of  l-bromo-2.C-(Jimctliylliexa- 
hydrobeii7.aldehydc  dimethyl  acetal  (IVa)  and  12.2  g  of  dicthylaniline  was  licatcd  for  2  minutes  at  220’.  Then  the 
reaction  mass  was  quickly  cooled,  and  the  substance  which  crystallized  was  dissolved  in  15  ml  of  water,  the  organic 
layer  separated,  and  the  water  layer  extracted  three  times  with  ether  (60  ml).  The  ethereal  extract,  combined 
with  the  organic  layer,  was  washed  three  times  with  15  ml  of  6‘7o hydrochloric  acid  and  then  with  saturated  soda 
solution,  and  dried  with  potash.  On  distillation  there  was  obtained  1.7  g  of  a  substance  with  b.p.  52-54*  (2  mm), 
np”  1.5000,  247.5  mfi  (  €  27500). 

Found  '7":  C  71,56,  71.62;  H  9.6R,  9.80.  CioHjgO.  Calculated  C  71.48;  H  9.52. 

The  2,4-dinitrophenylhydrazone  obtained  was  bright-red;  it  melted  at  162.5-163.5*. 

SUMMARY 

1.  2,6- Dimethyl- A‘-tetrahydrobenzaldehyde  dimethyl,  diethyl,  and  dibutyl  acetals  were  prepared. 

2.  It  was  shown  that  dehydrobromination  of  l-hromo-2,6-dimethy1hcxahydrobenzaldchyde  acetals  at 
temperatures  above  200*  leads  to  the  formation  of  cyclic  alkoxydienes. 

3.  2,6-Dimethyl-A’-tctrahydrohenzaldehyde  acetals  are  obtained  in  good  yields  on  dehydrobromination  of 
the  corresponding  a-bromostibstitutcd  acetals  with  powdLred  potassium  hydro.xide. 
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fl-Dicarbonyl  compounds  arc  key  materials  in  organic  synthesis,  and  hence  the  search  for  ways  of  preparing 
new  members  of  this  important  class  and  theu  further  use  in  synthetic  chemistry  is  of  substantial  interest.  In  the 
present  article  we  report  the  synthesis  of  previously  unknown  2-acylcyclohexanone  ethylene  ketals,  which  are 
interesting  starting  materials  and  were  used  by  us,  in  particular,  for  the  development  of  a  new,  convenient  method 
for  the  synthesis  of  phcnanthrcnc  derivatives. 

The  starting  compounds  for  the  p  eparation  of  2-acylcyclohcxanone  ethylene  ketals  were  acyl-2-chloro- 
cyclohexcnes-2,  which  were  prepared  Lhreugh  the  condensation  of  cyclohexanone  with  acid  chlorides  in  the  pres¬ 
ence  of  aluminum  chloride.  Wc  studied  this  reaction  in  detail  in  the  case  of  the  interaction  of  cyclohexanone 
with  acetyl  chloride,  and  advanced  a  hypothesis  on  its  n»eclianism  [1].  Now  we  have  extended  the  reaction  to  new 
objectives,  and  propose  it  as  a  general  method  of  synthesizing  acyl-2-chlorocyclohexenes-2. 

I  I  +  nr.ncj  -Mv  I  I 

u-CH,.  c,iu.  Iso  c.n». 

The  reaction  is  most  conveniently  carried  out  in  dichloroethane;  carbon  disulfide  and  carbon  tetrachloride, 
as  solvents,  give  poorer  results.  To  obtain  optimum  yields,  about  3  ntoles  or  at  least  2  moles  each  of  aluminum 
chloride  and  the  acid  chloride  must  be  used  per  mole  of  ketone,  for  reasons  inherent  in  tlie  mechanism  of  this 
reaction.  Tlic  reaction  mixture  is  stirred  for  20-30  hours  at  room  temperature,  it  being  necessary  to  increase  the 
reaction  time  as  the  molecular  weight  of  the  acid  chloride  increases.  Carrying  out  the  reaction  at  a  higher  temper¬ 
ature  or  for  a  longer  time  markedly  increases  resinification. 

The  synthesized  unsaturated  chloroketones  are  oily  substances,  stable  on  keeping;  contrary  to  the  analogous 
compounds  obtained  in  the  cyclopcntane  scries  [1,2],  whose  double  bond  lies  in  the  a,  0-position,  the  described 
compounds  have  a  double  bond  in  the  B ,7 -position  and  are  ucyl-2-cldorocyclchexenes-2.  This  follows  from  the 
absence  in  them  of  exaltation  of  molar  refraction,  characteristic  of  both  the  corresponding  cyclopentane  derivatives 
[2]  and  aliphatic  6-chlorovinyl  ketones  [3].  The  absence  of  a  conjugated  system  in  the  synthesized  compounds  Is 
confirmed  also  by  UV  spectra  obtained  from  their  2,4-dii)itrophcnylhydrazoncs,  which  have  an  absorption  maxi¬ 
mum  characteristic  of  unconjugated  ketones  (3*14-315  mp  in  isooctane,  362  mji  in  alcohol).  It  is  not  impossible 
that  a  slight  admixture  of  a  conjugated  ketone— an  acyl-2-chlorocyclohexcne-l  [cf.  1]— is  formed  in  the  interac¬ 
tion  of  cyclohexanone  with  acid  chlorides,  since  the  resulting  preparatiorrs  boil  in  a  range  of  several  degrees; 
however,  as  will  be  evident  below,  this  does  not  in  the  least  hinder  their  further  synthetic  use. 
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Tlic  interesting  question  as  to  why  an  unronjngated  ketone  is  formed  when  cyclohexanone  is  used  in  the 
reaction  being  investigated,  whereas  a  conjugated  one  is  formed  with  cyelopcntanor.c, is  difficult  to  answer  cem- 
prehensively  at  this  time.  It  is  known  that  the  action  of  acids  and  especially  bases  leads  to  mutual  transitions  of 
a.  B-  and  6,  y  -unsaturated  carbonyl  compounds;  this  is  the  so-called  "three-carbon  tautomerism"  [4,6J.  In  the 
case  of  cyclohexcne  compounds  the  three-carbon  tautomeric  equilibrium  is  usually  shifted  toward  the  formation 
of  6 .  y -unsalurated  structures  [cf.  7],  The  formation  of  a.  fl -unsaturated  isomers,  on  the  contrary,  is  characteristic 
of  cyclopcntcne  compounds  [8,  9].  Obviously  this  difference  in  the  behavior  of  five-and  six-membered  rings  is  due 
to  their  difference  in  conformation.  It  may  be  thouglit  that  the  decisive  feature  in  the  formation  of  the  6,y  -isomer 
in  the  cyclohexene  series  is  the  difference  due  to  relative  energies  in  the  stability  of  axial  and  equatorial  substi- 
tuentson  the  one  hand  and  quasiequatorial  and  quasiaxial  ones  on  the  other  in  the  cyclohexene  compound  formed  on 
elimination  of  the  elements  of  acetic  acid  from  the  intermediate  reaction  product.  Owing  to  the  lack  of  suffi¬ 
cient  material  on  the  conformation  of  the  cyclohcxene  ring,  however,  this  question  cannot  be  analyzed  in  detail. 

The  halogen  atom  in  the  acyl-  2-chlorocyclohexenes-2  obtained  does  not  have  the  high  mobility  character¬ 
istic  of  this  atom  in  B-chlorovinyl  ketones  f  <1;  this  is  evidently  due  not  only  to  the  absence  of  conjugation  in  the 
system,  which  would  provide  transmission  of  influence  to  the  3-carhon  atom  to  w'hich  the  chlorine  is  attached, 
but  also  to  the  presence  of  a  cyclic  system  which  hinders  halogen  exchange;  we  have  considered  this  in  detail  in 
the  case  of  the  corresponding  cyclopentanc  derivatives [2]  Nevertheless,  some  halogen-exchange  reactions  can 
be  carried  out.  Thus  on  interaction  with  alcoholic  alkali  or  sodium  phenoxide,  the  halogen  atom  is  exchanged 
and  S-phenoxy-  or  8-alkoxyvinyl  ketones  are  formed.  However,  this  reaction  is  not  of  preparative  value,  since 
it  goes  in  .several  directions,  being  complicated  by  side-processes,  as  a  result  of  wliich  a  mixture  of  substances  is 
formed,  which  is  difficult  to  resolve. 

In  the  interaction  of  acyl-2-chlorocyclohcxenes-2  with  ethylene  glycol,  which  we  used  earlier  to  prepare 
8-ketoaldehyde  ethylene  acetals  from  B-chlorovinyl  ketones  [2,  10,  11],  2-acylcyclohexanone  ethylene  ketals 
are  formed. 
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This  reaction  is  most  conveniently  carried  out  with  dioxane  as  solvent.  Yields  of  2-acylcyclohexanone 
ethylene  ketals  are  50-60‘7o.  Halogen  exchange  proceeds  with  more  difficulty  in  this  case  in  comparison  either 
with  6-chlorovinyl  ketones  or  acyl-2-chlorocyclopentencs- 1.  On  the  basis  of  certain  observations  it  may  be  as¬ 
sumed  that  in  the  course  of  the  reaction  the  original  chloride  is  first  isomerized  to  a  conjugated  chloride  — an 
acyl-2-chlorocyclohexene- 1  which  then  reacts  with  ethylene  glycol  like  other  fl-chlorovinyl  ketones.  Naturally, 
a  slight  admixture  of  the  indicated  conjugated  chloride  (see  above)  in  the  original  chloride  does  not  affect  the 
result  of  the  reaction.  The  ethylene  ketals  obtained  are  stable,  colorless  oils.  Their  structure  was  confirmed  in 
the  case  of  the  simplest  member— 2-acetylcyclohexanone  ethylene  ketal— by  a  positive  reaction  for  the  acetyl 
group  and  by  hydrolysis  with  dilute  acid,  leading  to  2-acetylcyclohexanone,  which  was  identified  in  the  form  of 
the  copper  salt.  2-Acylcyclohexanone  ethylene  ketals  in  which  one  of  the  carbonyl  groups  is  protected  are  interest¬ 
ing  starting  materials  for  synthesis.  We  developed  a  new  synthesis  of  the  phenanthrene  system,  based  on  them.  This 
synthesis  is  similar  to  that  of  the  naphthalene  nucleus,  developed  earlier  in  our  laboratory  [10,  12],  and  is  carried 
out  according  to  the  scheme  shown  below. 

The  interaction  of  ethylene  ketals  with  benzylmagnesium  chloride  gives  the  corresponding  hydroxyketals, 
which  can  be  isolated  as  individuals  if  necessary.  The  latter  is  unnecessary,  however,  and  the  hydroxyketals  obtained 
may,  without  purification,  be  converted  by  aromatic  cyclodehydration  to  1,2.3,4-tetrahydrophenanthrenes.  On 
investigating  this  step  we  tried  various  condensing  agents.  The  best  results  are  obtained  with  hydrogen  bromide 
in  acetic  acid,  or  a  mixture  of  concentrated  sulfuric  and  phosphoric  acids,  the  latter  variant  of  the  reaction  being 
experimentally  more  convenient.  Polyphosphoric  acid  gives  lower  yields.  The  tetrahydrophenanthrencs  may  be 
isolated  by  distillation.  The  reaction  products  are  most  conveniently  purified  tlurough  formation  of  the  picrates 
with  subsequent  decomposition  by  passing  solutions  of  the  picrates  through  aluminum  oxide.  By  this  method  we 
obtained  several  previously  unknown  10-alkyl- 1,2,3, 4-tetrahydrophenanthrencs  in  25- 55*70  yields,  reckoned  on 
the  original  ethylene  ketals  (two  steps).  Subsequent  experiments  in  this  direction  showed  that  the  scope  of  the  reac- 
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action  may  be  extended.  Thus  we  obtained  6.10-dimethyl- 1,2,3, 4-tetrahydrophenanthrene  from  4-methylbenzyl- 
magncsiiim  chloride,  and  5.8. 10-trimcthyl- 1,2, 3, 4-tetrahydrophenanthrene  from  2,5-dimethylbenzylmagnesium 
chloride.  It  should  he  noted  that  yields  in  the  latter  case  are  somewhat  lower  (14  and  which  is  explained  by 

the  complexity  of  formation  of  organomagnesium  compounds  from  substituted  bei>zyl  chlorides.  However,  data 
on  a  new  method  of  preparing  the  corresponding  organolithium  compounds  appeared  recently  in  the  literature  [13], 
so  that  it  may  be  hoped  that  various  polysubstituted  phenanthrenes  can  be  prepared  conveniently  and  in  high  yields 
on  the  basis  thereof. 
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The  structures  of  the  compounds  obtained  were  confirmed  by  their  UV  spectra,  which  had  absorption  bands 
in  the  230-320  m/J  region,  characteristic  of  the  tetrahydrophenanthrene  nucleus.  The  tetrahydrophenanthrenes 
obtained  are  quantitatively  dehydrogenated  to  the  corresponding  9-alkylphenanthrenes  on  heating  with  palladium 
on  charcoal. 
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This  conversion  conclusively  proves  the  structure  of  the  tetrahydrophenanthrenesobtained.  Moreover  .the  described 
conversion  may  be  recommended  as  a  convenient  syntiiesis  of  9-alkylphenanthrenes. 

In  conclusion  it  should  be  noted  that  the  proposed  new  method  of  synthesizing  derivatives  of  phenanthrenes 
differs  favorably  from  existing  multistep  syntheses  both  in  its  simplicity  and  in  the  availability  of  the  starting 
materials. 


EXPERIMENTAL 

Acetyl- 2-chlorocyclohexene- 2.  Into  a  three-neck  flask  provided  with  a  stirrer,  a  reflux  condenser  protected 
from  atmospheric  moisture,  and  a  dropping  funnel,  11  g  of  aluminum  chloride  and  150  ml  of  dry  dichloroethane 
were  put.  A  mixture  of  36.5  g  of  cyclohexanone  and  86  g  of  acetyl  chloride  was  added  with  vigorous  stirring  and 
cooling  by  water  at  room  temperature;  the  mixture  was  stirred^ for  18  hours  and  then  decomposed  with  ice  to 
which  15  ml  of  concentrated  hydrochloric  acid  had  been  added.  The  organic  layer  was  separated,  and  the  water 
layer  was  extracted  three  times  with  dichloroethane.  Tlie  combined  extracts  were  washed  with  water  and  dried 
over  calcium  chloride.  The  solvent  was  driven  off  in  a  slight  vacuum  and  the  residue  distilled,  the  fraction  with 
b.p.  105-120°  (20  mm)  being  collected.  After  redistillation  there  was  obtained  49.5  g(82‘7^)  of  a  substance  with 
b.p.  124-129°  (30  mm).  After  a  third  distillation  the  substance  had  the  following  constants: 
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B.p.  108-  lOir  (  if)  mni).  np^’  1.40So.  1.1232.  MR^  41. 38.  CsH,,OCIp.  Calculated  41.35. 

Found  7'';  C  f!0. 3.3;  60.33;  H  7.03.  7.11;  Cl  22.20,  22.46.  CgHnOCl.  Calculated  7o;  C  60.56;  H  7  00;  Cl  22.35. 

Literature  data  for  the  reaction  product  of  cyclohexanone  and  acetyl  chloride  [14]:  b.p.  93-98“  (9  mm), 
np”  1.4952,  d4^  1.1 187. 

The  2,4-dinitrophenylhydrazone  consisted  of  yellow  crystals  with  m.p.  128-129“  (from  alcohol), 

344  m/i  (isooctane);  365  mp  (alcohol). 

Literature  data  for  acetyl-2-chlorocyclohexene-2  2,4-dinitrophenylhydrazone  [If)];  m.p.  128- 129“  ( from 
alcohol),  362  mp  (alcohol). 

Propionyl- 2- chlorocyclohexene- 2.  This  was  prepared  as  in  the  preceding  experiment  from  77.5  g  of  cyclo¬ 
hexanone,  144  g  of  propionyl  chloride,  and  211  g  of  aluminum  chloride  in  200  ml  of  dichloroethane,  the  reaction 
time  being  24  hours;  80  g  (597’)  of  the  substance,  b.p.  99-108“  (8  mm),  was  obtained.  After  repeated  distillation 
the  substance  had  the  constants: 

B.p.  102- 103“  (9  mm),  n^^  1.4932.  d4^  1.0903,  MRp  46.05.  CqHijOClp.  Calculated  45.97. 

Found  7’:  Cl  2('.42.  20.30.  CqllijOCl.  Calculated  7’;  C!  20. .5.3. 

Literature  data  for  the  reaction  product  of  cyclohexane  arxl  propionyl  chloride  [14];  b.p.  1 13-116“(  12  mm), 
np^  1.4901,  d4^  1.0931. 

The  2.4-dinitrophenylhydrazone  consisted  of  yellow  needles  with  m.p.  109—110’  (from  alcohol), 

345  mp  (isooctane). 

Found  7o:  N  15.29,  15,50.  C,5Hi704N4Cl.  Calculated  7o;  N  15.78. 

Isovaleryl-2-chlorocyclohexene-2.  This  was  prepared  as  in  the  preceding  from  49  g  of  cyclohexanone,  120  g 
of  isovaleryl  chloride,  and  134  g  of  aluminum  chloride  in  200  ml  of  dichloroethane,  the  reaction  time  being  41 
hours;  there  was  obtained  46.5  g(457')  of  isovaleryl-2-chlorocyclohexene-2.  b.p.  115-120“  (8  mm),  n^*  1.4842. 
After  redistillation  the  stibstance  had  the  constants- 

B.p.  70--  71“  (0.5  mm),  n^^^  1.4859,  d4“  1.0420,  MR^  55.30.  C^HnOClp.  Calculated  55.21. 

Found  7';  C  66.02,  65.83;  H  8.62,  8.59.  CnH^OCl.  Calculated  7^:  C  65.83;  H  8.53. 

2-.Acetylcyclohexanone  ethylene  ketal.  Into  a  three-neck  flask  provided  with  a  stirrer,  a  dropping  funnel, 
and  a  reflux  condenser  with  a  tube  containing  soda- lime,  a  solution  of  7.2  g  of  potassium  hydroxide  in  50  ml  of 
glycol  was  put.  Sixty  ml  of  dioxane  was  added  and  the  mixture  heated  to  boiling.  Then  19.7  g  of  acetyl- 2-chloro- 
cyclohcxcne-2  was  added  dropwise  with  vigorous  stirring,  and  the  mixture  was  boiled  and  stirred  for  5  hours.*  The 
cooled  reaction  mixture  was  poiued  into  water  and  extracted  four  times  with  ether,  the  extracts  dried  with  magne¬ 
sium  sulfate,  and  the  solvent  distilled  off.  On  fractionation  of  the  residue  in  vacuo  there  was  obtained  13.9  g 
(617'’)  of  acetylcyclohexanone  ethylene  ketal.  After  redistillation  the  substance  had  the  constants; 

B.p.  121- 122“  (10  mm),  n^,”  1.4781,  d4”  1.1197,  MRp  46.91;  Calc.  47.28. 

Found  7’:  C  66.01.  65.22;  H  8.69.  8.76.  CioHieOg.  Calculated  7<’:  C  65.21;  H  8.74. 

The  product  was  a  colorless  oil,  soluble  in  common  organic  solvents.  It  was  stable  on  keeping.  On  shaking 
with  ferric  chloride  solution  it  gradually  gave  a  violet  color.  It  gave  a  reaction  for  the  acetyl  group  with  o-nitro- 
benzaldchyde  [16]. 

2-Propionylcyclohexanone  ethylene  ketal.  This  was  prepared  similarly  from  19  g  of  propionyl-2-chlorocyclo- 
hexene-2,  6.4  g  of  potassium  hydroxide  in  *60  ml  of  glycol,  and  60  ml  of  dioxane;  after  boiling  for  7  hours  there 
was  obtained  10.8  (507)  of  2- propionylcyclohexanone  ethylene  ketal. 

B.p.  123-  124“  (8  mm),  np^  1.4745,  d4^  1.0808,  MRp  51.59;  Calc.  51.90. 

Found  7-  C  66.58,  66.41;  H  9.27.  9.17.  CjiHigC^j.  Calculated  7’;  C  66,64;  H  9.08. 


•  When  the  quantities  of  starting  materials  were  increased,  the  reaction  time  had  to  be  greatly  increased. 
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The  prcxJuct  was  a  colorless  oil.  soluble  in  common  organic  solvents  and  stable  on  keeping. 

2-Isovalcrylcyclohc>:anone  ethylene  kctal.  This  was  prepared  similarly  from  12  g  of  isovaleryl-2-chloro- 
cyclohcxenc- 2,.'l,  45  g  of  potassium  hydroxide,  25  mi  of  glycol,  and  30  ml  of  dioxane,  the  reaction  time  being 
7  hours;  there  was  obtained  8.7  g(r)4'7'^')  of  2-isovalerylcyclohexanone  ethylene  ketal. 

B.p.  96-  97“  (0.5  mm),  n^^  1.4727,  d4”  1.0413.  MR^  60.94;  Calc.  61.14. 

Found  'yo;  C  68.83.  68.82;  H  9.83,  9.92.  CjgHjzOg.  Calculated  7®;  C  69.00;  H  9.80. 

The  product  was  a  colorless  oil,  soluble  in  comn.on  organic  solvents.  It  was  stable  on  keeping. 

Hydrolysis  of  2-acetylcyclohexanone  ethylene  ketal.  A  2.5  g  quantity  of  2-acetylcyclohexanone  ethylene 
ketal  was  dissolved  in  15  ml  of  alcohol,  mixed  with  a  solution  of  0.2  ml  of  concentrated  hydrochloric  acid  in  25 
ml  of  water,  and  refluxed  for  5  minutes.  The  mixture  was  poured  into  an  equal  volume  of  water  and  extracted 
with  ether,  the  extracts  dried  with  magnesium  sulfate,  the  etlier  distilled  off,  and  the  residue  diluted  with  an  equal 
volume  of  methanol  and  treated  with  hot,  saturated  aqueous  copper  acetate  solution.  After  cooling,  the  gray-green 
u-diketone  copper  salt  separated;  it  was  filtered  out,  washed  with  petroleum  ether,  and  dried.  It  had  m.p.  157— 

158“  and  gave  no  depression  with  a  known  sample  of  the  copper  salt  of  2-acctylcyclohexanone  [17], 

2-(2'-Methyl-2'-hydroxyphenethyl)  cyclohexanone  ethylene  ketal.  To  the  benzylmagnesium  chloride  solu¬ 
tion  prepared  in  the  usual  manner  from  4.8  g  of  magnesium  and  27.7  g  of  benzyl  chloride  in  70  ml  of  absolute 
ether,  33.7  g  of  2-acetylcyclohexanone  ethylene  ketal  in  40  ml  of  absolute  ether  was  added  with  vigorous  stining, 
the  flask  being  cooled  in  a  freezing  mixture.  The  reaction  mixture  was  stirred  and  boiled  for  2  hours  and  then 
decomposed  with  ammonium  chloride  solution.  The  reaction  product  was  extracted  with  ether  and  the  extracts 
dried  over  magnesium  sulfate.  After  distilling  off  the  solvent  there  was  obtained  34  g  (70.57'’)  of  colorless  needles 
with  m.p.  67-68“  (from  aqueous  methanol). 

Found  C  73.12,  73.19;  H  Ojl.  9.05.  CjfiHgPg.  Calculated  7^:  C  72.71;  H  9.15. 

1,2.3,4-Tctraliydro- lO-mcthylphcnantlurcnc.  a)  Cyclization  by  a  mixture  of  hydrobroinic  and  acetic  acids. 

A  solution  of  8.9  g  of  2-(2’-methyl-2’-hydroxyphenethyl)cyclohexanonc  ethylene  kctal  in  180  ml  of  glacial  acetic 
acid  was  heated  to  boiling,  25  ml  of  4270  hydrobromic  acid  was  added  all  at  once,  and  the  mixture  was  boiled 
for  7.5  hours;  on  cooling,  it  was  poiued  into  water  and  the  hydrocarbon  extracted  with  benzene.  The  extracts  were 
washed  with  water  until  all  traces  of  acid  were  removed,  dried  over  calcium  chloride,  and  the  benzene  driven  off 
in  a  slight  vacuum.  The  residual  oil  was  distilled  in  vacuo,  the  117—  120“  (0.8  mm)  fraction  being  collected;  the 
latter  soon  crystallized  completely.  Yield  of  1,2,3,4-tctrahydro- lO-methylphenanthrene,  2.15  g  (31. 57c), m.p. 
42,5—43"  (from  petroleum  ether  cooled  by  a  dry  ice -acetone  mixture). 

Found  70;  C  91.66,  91.42;  H  8.35,  8.61.  CigHig.  Calculated  7<’:  C  91.77.  H  8.20. 

The  product  consisted  of  colorless  crystals,  readily  soluble  in  ether,  benzene,  and  other  solvents  and  less  ’ 
soluble  in  alcohol. 

The  UV  spectrum  (in  methanol)  had  the  characteristic  maxima:;  233,  275,  285,  318;  Ig  c  4.98,  3.69, 

3.73,  2.51. 

The  picrate  was  obtained  in  alcohol,  and  consisted  of  orange  needles  with  m.p.  137—137.5*  (from  alcohol). 

Found  7o;  N  9.72,  9.73.  CgiHjgOvNg.  Calculated  7o:  N  9.88. 

b)  Cyclization  by  a  mixture  of  sulfuric  and  phosphoric  acids.  To  a  cold  mixture  of  10  g  of  concentrated 
sulfuric  acid  and  6.2  g  of  807<’ phosphoric  acid,  cooled  with  a  snow-salt  mixture,  5.2  g  of  2-(2’-niethyl-2’-hydroxy- 
phenethyl)cyclohexanone  ethylene  ketal  was  added  in  small  portions,  with  stirring.  The  reaction  mixture  was  heated 
for  2  hours  in  a  boiling  water  bath  and  then  poured  into  ice  and  treated  as  in  the  preceding  exper intent.  The 
benzene  was  distilled  off  and  the  substance  converted  to  the  picrate.  There  was  obtained  2.13  g  of  1,2,3,4-tetra- 
hydro-lO-methylphenanthrene  picrate,  which  corresponds  to  a  267'’ yield  of  the  hydrocarbon. 

c)  Cyclization  by  polyphosphoric  acid.  A  mixture  of  5.2  g  of  the  original  ethylene  ketal  and  52  g  of  poly- 
phosphoric  acid  was  heated  at  80—85°  for  4  hours.  The  reaction  mixture  was  decomposed  by  stirring  with  water, 
and  treated  as  in  the  preceding  experiment.  There  was  obtained  1.4  g(167c)  of  1,2,3,4-tetrahydto- 10-methyl- 
phenanthrene  picrate. 
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^'-MctliylphciKuitiirenc.  A  0.2  g  quantity  of  1,2.0,  ;-tctrahydro- !0-n'icr:'.ylphcr;antr,rv.ne  v.'s  hcatod  with  O.i 
g  of  palladium  r.atalyst  on  charcoal  ( ]0‘’>  palladium)  for  3  hours  at  The  cosuiting  \\  hilc  crystals,  wmeh 

sublimed  on  the  walls  of  the  flask,  had  m.p.  87. .5— 88°.  They  gave  a  picrate  consisting  of  yellow  needles  with 
m.p.  118“  140°  (from  alcohol). 

Literature  data  for  O-methylphenanthrene:  m.p.  90—91°,  picrate  m.p.  151-153°  [18]  and  m.p.  88-89°, 
picrate  m.p.  151-153°  [19]. 

1.2.3.4- Tetrahydro-  10-ethylphenanthrene.  To  a  solution  of  benzylmagnsium  chloride  (from  7.55  g  of  benzyl 
chloride  and  1.46  g  of  magnesium  in  50  ml  of  absolute  ether),  6.9  g  of  2-propionylcyclohexanone  ethylene  ketal 
in  30  ml  of  absolute  ether  was  added  with  stirring  and  cooling;  the  mixture  was  boiled  for  2  hours,  decomposed 
with  chloride  solution,  extracted  with  ether,  the  extracts  dried  over  magnesium  sulfate,  and  the  ether  distilled 

off.  There  was  obtained  13.85  g  of  an  oil,  which  on  cooling  was  mixed  with  a  cold  mixture  of  26.2  g  of  concentra¬ 
ted  sulfuric  acid  and  17  g  of  807'’ phosphoric  acid.  Tlie  mixture  was  heated  for  15  minutes  at  65-70°,  cooled,  and 
poured  into  ice.  The  hydrocarbon  was  extracted  with  benzene  and  the  latter  distilled  off  in  a  slight  vacuum.  The 
residue  was  treated  witli  an  equal  weight  of  picric  acid,  dissolved  in  hot  alcohol.  Tliere  was  obtained  6.3  g(  4l7o 
reckoned  on  the  ethylene  ketal)  of  1, 2, 3, 4- tetrahydro- 10-ethylphenanthrene  picrate.  After  recrystallization  from 
alcohol  the  picrate  had  m.p.  151-152°.  It  consisted  of  orange  needles,  readily  soluble  in  ether  and  benzene. 

Found  7'';  N  9.62,  9.45.  €22112107^3-  Calculated  7':  N  9.56. 

1.2.3.4- Tetrahydro- lO-cthylphenanthrene  was  liberated  from  the  picrate  by  passing  a  benzene  solution  of 
the  latter  through  a  column  containing  aluminum  oxide,  followed  by  elution  with  benzene  in  the  form  of  a 
yellowish,  viscous  oil  with  nj;)^^  1.6166. 

Found  7'’:  C  91.26,  91.09;  H  9.05,  9.05.  CisHig.  Calculated  7p:  C  91.37;  H  8.63. 

Characteristic  maxima  in  the  UV  absorption  spectrum;  232,  275,  385,  317  mp;lg  c  4.58,  3.80,  3.81, 

2.69. 

9-l-thylphenantlucne.  A  113  mg  quantity  of  1, 2, 3, 4-tetrahydro- 10-ethylphenanthrene  was  heated  witfi  0.2  g 
of  107’  palladium  on  charcoal  at  260-270°  for  3.5  hours.  The  contents  of  the  flask  were  treated  witli  ether,  the 
solution  filtered,  the  ether  distilled  off,  and  alcoholic  picric  acid  solution  added  to  the  residue.  9-Ethylphenanth- 
rene  picrate,  m.p.  120-121°  (from  alcohol)  [18],  was  obtained. 

1 . 2. 3. 4-  Tetrahydro-  10-isobutylphenanthreiie.  This  was  prepared  similarly  from  0.85  g  of  benzyl  chloride 
and  5,5  g  of  2-isobutylcyclohcxanone  ethylene  ketal  in  50  ml  of  absolute  etlier.  The  ether  was  distilled  off,  and 
the  residue  was  treated  for  15  minutes  at  65-70°  with  a  mixture  of  15  ml  of  sulfuric  acid  and  10  ml  of  807^  phos¬ 
phoric  acid.  1,2,3,4-Tetrahydro- 10-isobutylphenanthrene  was  isolated  by  distillation,  the  fraction  with  b.p.  110- 
130°  (0.5  mm)  being  collected;  tlic  latter  crystallized  on  standing,  forming  colorless  crystals  with  m.p.  73-75° 

(from  methanol).  Yield  2.6  g(537'’,  reckoned  on  the  original  ethylene  ketal). 

The  UV  spectrum  of  the  hydrocarbon  was  similar  to  those  of  other  homologs: 

(inflection)  (in  methanol);  Ig  t  4.98,  3.78,  2.17. 

The  trinitrobenzene  complex  consi.sted  of  yellow  needles  with  m.p.  106—  107°  (from  alcohol). 

Found  7-’;  N  8.89,  8.96.  C24n25C3sN3.  Calculated  7^;  N  9.31. 

1.2.3.4- Tctrahydro-6. lO-dimethylphenanthrcne.  This  was  prepared  as  described  above  from  2.45  g  of  tJ- 
chloro-p- xylene,  0.4  g  of  magnesium,  and  2.6  g  of  2-acetylcyclohexanone  ethylene  ketal  through  cyclization 
by  a  mixture  of  10.4  g  of  sulfuric  acid  and  6.8  g  of  phosphoric  acid;  there  was  obtained  0.8  g  (147’.  reckoned  on 
the  original  ethylene  ketal)  of  1 ,2,3,4-tetrahydro-6, 10-dimethylphenanthrene  picrate,  m.p.  139— 1 40°  ( from 
alcohol). 

Found  70;  N  9.72,  9.67.  C22H2,07N3.  Calculated  7’:  N  9.56. 

1.2. 3. 4-  Tetrahydro- 5, 8,  IQ-trimethylphenantlirene.  To  4.45  g  of  magnesium  powder  and  2,85  g  of  magnesium 
turnings  activated  by  heating  with  iodine,  in  100  ml  of  absolute  ether  in  a  nitrogen  atmosphere,  1 1.6  g  of  chloro- 
mcthyl-p- xylene  in  100  ml  of  absolute  etlicr  was  added  during  1.5  hours.  The  resulting  solution  of  the  organo- 
magnesium  compound  was  cooled  with  ice,  and  a  solution  of  5.9  g  of  2-acetylcyc!ohexanonc  ctliylenc  ketal  in 

an  equal  volume  of  ether  was  added.  'Tlie  reaction  mixture  was  left  overnight  and  then  decomposed  with  ammon- 
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iiim  chloride  solution.  It  was  extracted  with  ether,  the  extracts  dried  with  magnesium  sulfate,  the  ether  distilled 
off,  and  the  residue  cycli/xd  by  a  mixture  of  22  g  of  concentrated  sulfuric  acid  and  14,6  g  of  phosphoric  acid  for 
15  minutes  at  bri-TO”.  After  the  usual  treatment  there  was  obtained  4.9  g  of  a  viscous,  brown  mass.  Four  g  of  the 
reaction  prcxliict,  treated  in  the  usual^manner,  gave  1.97  g  of  the  picrate,  dark-red  crystals,  m.p.  109—110'’  (from 
alcohol). 

Found  '7':  N  9.01.  8.84.  Calculated  N  9.27. 

SUMMARY 

1.  A  mcthcxl  was  developed  for  syntliesizing  acyl-2-chlorocyclohexenes-2  through  the  condensation  of  cyclo¬ 
hexanone  witli  acid  chlorides  in  the  presence  of  aluminum  chloride  (yields  4S-80‘5’. 

2.  A  metluxi  was  developed  for  synthesizing  2-acylcyclohexanone  ethylene  ketals  through  the  interaction 
of  acyl-2-chlorocyclohexcnes-2  with  ethylene  glycol  in  the  presence  of  alkali  (yields  50-657o). 

9.  A  new  method  is  proposed  for  synthesizing  phenantlirene  derivatives  through  the  condensation  of  2-acyl- 
cyclohcxanonc  ethylene  ketals  with  compounds  of  the  benzylmagnesium  chloride  type,  with  subsequent  aromatic 
cyclodehydration  of  the  hydroxyketals  formed. 
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In  our  laboratory  to  achieve  conversion  from  the  cycloketol  form  (I)  to  the  9-R-perhydroacridine  (III),  the 
Lcichardt  reaction  (heating  with  formamide)  has  been  used  successfully  [1-3].  The  reaction  takes  place  very 
smootlily  and  with  almost  quantitative  yield  of  bases  (III);  only  in  the  case  of  tricyclohexanolone  (I,  R=H),  besides 
perhydroacridine,  a  rather  large  quantity  (about  33%)  of  symm  -octahydroacridine  is  formed  as  well  [1]. 


R 


(0 

(Vt  R=C,M,  . 
(VI)  R  =  f„H,0. 


HroNXj 


(K)  R  =  CjH5, 
(X)  R  *  ClfHjO* 


In  the  present  communication  we  describe  the  extension  of  this  reaction  to  furyltricyclohexanolone  [2- 
furyl-3,  4-tetramcthylene-bicyclo  (3,3,l)-nonanone-9-ol-4]  (VI),  synthesized  by  us  earlier  [4]  by  the  method 
of  diketone  condensation  of  cyclohexanone  with  furfurol. 

The  reaction  here  proceeds  easily— markedly  more  easily  than  with  the  phenylketol  (V)  (see  [3]).  It  is  prob¬ 
able  that  this  is  connected  with  the  more  difficult  solubility  of  the  latter  in  formamide.  However,  with  regard  to 
yield  of  bases  there  is  no  difference  between  furyl- andphenylketols:  both  ketolsare  almost  identically  quantita¬ 
tively  converted  into  the  corresponding  bases  (Vll)and  (VIII),  which  are  obtained  as  N-formyl  derivatives,  easily 
hydrolyzed  by  alkalies. 

To  achieve  conversion  of  phenyl-(V)  and  furyl  (Vl)-tricyclohexanolones  into  the  corresponding  octahydro- 
acrldincs  (IX  and  X)  we  used  "the  improved  pyridine  synthesis  of  Chichibabin"  [5].  This  reaction  was  applied  to 
alicyclic  ketones  by  Colonge  and  co-workers  [6]  and  in  the  case  of  bicyclohexanones  they  obtained  the  correspond¬ 
ing  symm  -octahydroacridines.  Our  ketols,  in  the  reactions  represented  in  the  scheme,  are  doubtless  first  of  all 
Isomerized  into  1,5-bicyclohexanones  (II),  from  which  the  corresponding  hydroacridine  compounds  are  then 
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fcrnicd.  This  supposition  was  confirmed  experimentally  by  one  of  us  in  conjunction  with  Vysotskii  [1]  and  Abra¬ 
mova  [21:  it  was  shown  that  1,.5-diketones  and  cycloketols,  isomeric  to  those  of  form  (I),  give  one  and  lae  same 
result,  with  identical  yields  of  hydroacridine.  Thus,  it  was  expected  that  ketolsfV)  a^^d  (VI)  in  the  reaction  of 
Chichibabin  mentioned  above  would  give  bases  (IX)  and  (X).  Reactions  of  the  compounds  obtained  coniirmed  fully 
these  expectations,  and  the  structure  of  the  base  obtained  (IX)  was  proven  by  its  catalytic  dehydrogenation  into 
9-phcnylacridine. 

EXPERIMENTAL* 


1.  N-Formyl-9-furylperhydroacridine. 

15.5  g  of  furylketol  with  m.p.  185-186°C  [4]  and  20  g  of  formamide  [7]  were  heated  as  described  earlier 
[3].  At  110°  (in  other  cases  at  97°C*  *),  evolution  of  carbon  dioxide  bubbles  began.  At  120-130'  evolution  of  gas 
proceeded  more  vigorously  and  continued  for  about  30  minutes.  Heating  was  then  discontinued,  and  the  homoge¬ 
neous  mixture  crystallized  on  cooling.  The  crystals  were  washed  on  a  filter  with  water  and  dried  on  an  earthen¬ 
ware  dish.  Yield  0  g,  m.p.  208-209'  (from  dioxane);  white  prismatic  small  stick-like  crystals.  The  substance  was 
soluble  in  alcohol,  benzene,  and  dioxane,  insoluble  in  water. 

Found  HCO  9.81.  C,8H2s02N.  Calculated  HCO  10.10. 

From  the  filtrate  and  water  washings,  after  they  had  been  made  alkaline  with  caustic  soda,  7  g  of  9-furyl- 
pcrhydroacridine  was  isolated,  following  purification  by  two  distillations  in  vacuo. 

9-Furylperhydroacridine  (VII).  N-Formyl-9-  furylperhydroacridine  was  easily  hydrolyzed  by  brief  heating 
with  ('.3-0.5  N  alcoholic  caustic  soda  solution;  on  dilution  with  water  the  free  base  settled  out.  From  9  g  of  formyl 
derivative  7.2  g  of  base  was  obtained.  Total  yield  was  14.2  g(97‘’/p);  white  prisinatic  small  stick-like  ct)stals 
readily  soluble  in  the  usual  organic  solvents:  m.p.  76-77'  (from  ether);  b.p.  158- IGO'  (2  mm). 

Found  C  78.50,  78.66;  H  9.42,  9.76;  N  5.81,  5.66.  M  263,  259.  CnHzsON.  Calculated  C  78.76;  H 
9.65;  N  5.41.  M  259. 

A  picratc  was  formed  on  mixing  hot  alcoholic  solutions  of  the  base  and  picric  acid.  Yellow  elongated  hexa¬ 
gons,  m.p.  218-220  (from  alcohol). 

Found  N  11.81,  11.97.  C23H2808N4.  Calculated  N  11.48. 

The  hydrochloride  was  formed  as  colorless  small  thin  stick-like  crystals,  tapered  at  both  ends,  by  passing 
dry  hydrogen  chloride  into  a  benzene  solution  of  the  base.  At  245-250'  the  crystals  charted  without  melting;  read¬ 
ily  soluble  in  water. 

Found  Cl  11.55,  11.75.  CnlljeONCl.  Calculated  Cl  12.01. 

2.  Synthesis  of  symm  -octahydroacridines.  Method.  Plienyl-(V)  or  furyl-(VI)-ketol  ( 1  part  by  weight), 
ammonium  acetate  (3-4  parts  by  weight),  and  acetic  acid  (3.5-6  parts  by  weight)  were  heated  for  2  hours  at  133- 
137°.  The  cooled  mixture  was  saturated  with  concentrated  soda  solution  until  an  alkaline  reaction  was  obtained. 

The  solid  precipitate  was  isolated,  washed  with  water,  and  crystallized  from  acetone. 

9-Furyl-symm  -octahydroacridine  (X).  Yield  of  the  double-crystallized  base  was  74%.  White  prismatic 
small  stick- like  crystals  soluble  in  ether,  benzene,  and,  with  greater  difliculiy,  in  alcoiiol,  dioxane,  and  acetone; 
insoluble  in  water.  M.p.  121-122' (from  acetone). 

Found  %:  C  80.61.  81.12;  H  7.64,  7.82;  N  5.45.  5.56.  M  243,  246.  CnHigON.  Calculated  %;  C  80.63; 

H  7.51;  N  5.53.  M  253. 

The  picrate  (as  described  above)  took  the  form  of  greenish- yellow  prismatic  small  stick-like  crystals,  oblique¬ 
ly  tapered  at  the  ends,  with  m.p.  184-185'  (from  alcohol). 

Found  %:  N  11.44,  11.64.  C23H2203N4.  Calculated  %:  N  11.62. 

The  hydrochloride  was  obtained  by  passing  dry  hydrogen  chloride  into  an  ethereal  solution  of  the  base.  The 
colorless  small  stick-like  crystals  were  dissolved  in  water,  recrystallized  from  alcohol,  and  charred  at  210*  with¬ 
out  melting. 

*  With  the  assistance  of  students  v  .  N.  Dyukareva  and  N.  A.  Pelageicheva. 

*•  Possibly  owing  to  the  nonstandard  strengtli  of  the  formamide  prepared,  due  to  the  presence  of  HCOONH4  and 
HCOOH  as  impurities. 
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Found  '7o;  Cl  11.76,  11.03.  CnH.oONCl.  Calculated  7<’:  Cl  12.22. 

9-rbenyl-symm  -octahydroacridinc  (IX).  White  prismatic  small  stick-like  crystals,  with  m,p,  177-178" 

(from  an  acetone- alcohol  mixture— 7:1);  solubility  as  for(X). 

Found  C  87.07,  86.88.  H  8.38,  8.09;  N  5.72,  5.32.  M  265,  260.  C,9H2iN.  Calculated  C  86.69;  H  8.00; 

N  5.32.  M  263. 

The  picrate  (as  described  above)  took  the  form  of  greenish- yellow  prismatic  small  stick-like  crystals 
tapering  at  the  ends,  with  m.p.  175-175.5"  (from  alcohol). 

Found  N  11.57.  11.44.  C25H2AN4.  Calculated  %.  N  11.38. 

The  hydrochloride  was  obtained  by  passing  dry  hydrogen  chloride  into  a  benzene  solution  of  IX.  White  prisma¬ 
tic  small  stick-like  crystals;  readily  soluble  in  water  and  alcohol.  M.p.  243-245"  (decomposing)  (from  an  acetone- 
alcohol  mixtrire,  20:1). 

Found  Cl  11.75.  CjgHziN  HCl.  Calculated  '7  :  Cl  11.85. 

Dehydrogenation.  1  g  of  base  (TX)  and  0.21  g  of  Pt/C  [8]  were  heated  in  a  flask;  hydrogen  evolution  began 
at  210'’  and  ceased  at  31 3°. 290  ml  (0",  760  mm)  of  a  gas  was  collected,  which  corresponded  to  0.013  mole  of  H2 
(calculated,  0.015  mole).  The  reaction  product  was  extract«id  with  ether;  m.p.  180-181°  (from  benzene).  A  sample 
mixed  with  authentic  9-phcnylacridinc  (m.p.  180-131.5")  nicitcd  without  depression  of  melting  point;  greenish- 
yellow  crystals. 

SU  MM  ARY 

1.  On  being  reacted  with  formamide,  furyltricyclohexanolone  is  converted  almost  quantitatively  into  9- 
furylperhydroacridine. 

2.  On  being  reacted  with  ammonium  acetate  in  acetic  acid,  furyl-and  phenyltricyclohexanolones  are  conver¬ 
ted  quite  smoothly  into  symmetric  9- furyl-and  9-phcnyloctahydroacridlnes. 

3.  9-Phenyl-symm  -octahydroacridine  is  dehydrogenated  in  the  presence  of  Pt/C  into  9-phenylacridine. 

The  hydroacridines  listed  have  not  been  described  in  the  literature. 
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REACTIONS  OF  HYDRAZINE  DERIVATIVES 
XXIX.  CY  A  NOETHYLATION  OF  PYRAZOLONES 

A.  N.  Kost,  S.  I.  Sumlnov,  R.  S.  Sagitullin,  and  V.  V.  Ershov 

Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii  Vol.  30,  No.  7,  pp.  2286-2291, 

July,  1960 

Original  article  submitted  July  15,  1959 

Cya noethylation  of  pyrazolones  has  not  been  described  in  the  literature;  moreover,  there  are  Indications 
[1]  that  1-phenyl- 3-methylpyrazolone  does  not  react  with  acrylonitrile.  However,  our  experiments  showed  that 
in  the  presence  of  alkali  p^Ttzoloncs  readily  combine  with  acrylonitrile.  In  this  case  it  could  be  expected  that 
combinations  witli  acrylonitrile  would  take  place  at  the  hydroxyl  group  of  the  tautomeric  form  of  pyrazolone 
(hydroxypyiazolc),  at  tlie  amide  nitrogen,  or  at  the  methylene  bond  (in  the  4-position).  To  establish  the  stricture 
of  the  product,  we  synthesized  pyrazolones  with  the  6-cyanoethyl  group  in  a  known  position,  l.e..  In  positions  1 
and  4. 


In  the  synthesis  of  l-(8-cyanocthyl)-pyrazolones-5  we  made  use  of  the  reaction  of  6-hydrazinoproplonltrlle 
with  esters  of  B-keto- acids.  In  the  patent  literature  [2,3]  the  possibility  is  shown  of  obtaining  3- methyl- 1-(B- 
cyanoetliyl)- pyrazolone- 5  and  3-phenyl- l-(B-cyanoethyl)-pyrazolone- 5  by  this  method,  but  the  products  were 
not  defined  by  their  constants,  nor  by  analyses. 

According  to  our  data,  the  reaction  of  B -hydra zinopropionitrlle  with  esters  of  various  B-keto-aclds  In  an 
alcoholic  medium  takes  place  on  gentle  heating  and  after  a  short  period  of  boiling;  the  corresponding  l-(B-cyano- 
ethyl)-3,4-dialkylpyrazolones- 5  are  formed  in  good  yields  (65- 95‘7c’). 

R— C— CH-COOCoHb  -f-  NHzNH-CHjCHzCN  -♦ 


I.  ,t  I  « 

N  CO 

\n/ 

I 

CHoCHzCN 

(l)-(Vi) 

(I)  R  =  rH,.  R'=H:  (IV)  R  =  C,H,,  R'=H; 

(11)  R  =  iso-r,H,.  R'rrH;  (V)R  =  R'  =  CH,! 

(Ill)  R  =  iso-C.H,.  R'  =  Ii;  (VI)  R  =  CH,.  R' =  C,H,. 


We  carried  out  synthesis  of  pyrazolones  with  a  B-cyanoethyl  group  in  the  4-positlon,  starting  from  the 
monocyanoethylated  acetoacetic  ester  and  the  corresponding  hydrazines. 


CH2CH2CN 


CH.i-C— CH-COOC2H5  -L  NUaNH— R 


O 


CH3-|j - j-CH2CH2CN 

N  CO 

\n/ 

I 

R 

(VII)  R  =  H; 

(VI II)  R  =  C,H,; 

(IX)  R  =  CM,CH,CN. 
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In  the  literature  there  arc  indications  [1]  that  in  the  p\Tazolone  series  the  reaction  of  alky  i  lialidcs  wi’h 
sodium  derivatives  of  pyTa^olones  can  prtKccd  predominantly  tlirongh  the  oxygen  atom.  We  therefore  attempted 
the  preparation  also  of  the  third  possible  product  of  cyanoethylation,  namely,  the  S-cyanocthyl  ester  of  3-methyl- 
5-hydroxypyrazolc.  To  this  end,  the  cyanoethylation  of  3-methylpyrazolone-5  was  carried  out  by  the  action  of 
8-chloropropionitrile  in  an  alkaline  medium  under  conditions  permitting  complete  enolization  of  pyrazolone 
(the  equivalent  quantity  of  sodium  in  tert  -butyl  alcohol),  whereupon  a  mixture  was  obtained  of  two  substances 
which  were  separated  by  fractional  crystallization.  These  substances  (X  and  XI)  had  an  identical  elemental  constitu¬ 
tion,  corresponding  to  a  product  of  monocyanoethylation,  did  not  give  the  violet  coloration  with  ferric  chloride 
solution  characteristic  of  enols,  and  did  not  differ  in  melting  point  or  degree  of  solubility  in  water.  A  melting 
point  test  on  a  mixture  of  both  substances,  nevertheless,  did  not  give  a  melting  point  depression  and  had  the  same 
melting  point  as  the  low-melting  form. 

In  tiieir  constants  and  properties  both  these  substances  differed  markedly  from  the  pyrazolones  obtained 
earlier  with  the  cyanoethyl  group  in  the  1-and  4-positions  (I  and  VII).  A  good  yield  of  a  mixture  of  these  same 
substnuccs  is  also  formed  on  Iicating  .4-methylpyT.izoIone-5  with  acrylonitrile  in  an  alkaline  medium  (  a  catalytic 
quantity  of  tert  -.sodium  butylatc). 

Similar  re.sults  were  obtained  by  carrying  out  cyanoethylation  with  an  equivalent  quantity  of  sodium  or  by 
using  absolute  tort  -butyl  alcohol  as  the  solvent. 

Compounds  (X)  and  (XI)  have  identical  infrared  spectra,  dif.'^rcr.t  both  from  the  spectra  of  the  initial  '3- 
methylpyrazolone  and  the  spectra  ofother  5-cyanoethylpyrazoloncs.  In  them  are  clearly  evident  lines  characteris¬ 
tic  of  C  ^  N  and  C=  N  (in  a  ring),  lines  of  the  carbonyl  group  being  ab.scnt.  Tlie  absorption  s[x;ctra  in  the  ultra¬ 
violet  region  (photographed  by  B.  V.  Lokshin)  for  all  the  pyrazolones  investigated  by  us  do  not  have  characteristic 
extremes  (maximum  absorption  occurs  in  the  region  where  X<  200  mp),  but  the  form  of  the  curve  for  compounds 
(X)  and(XI)  is  identical  and  also  differs  somewhat  from  other  pyrazolones  in  showing  a  crest.  All  this  permits  the 
acceptance  for  compounds  ( X- XI)  of  the  structure  of  6-cyanoethyl  esters  of  3-methyl-5-hydroxypyrazole,  and  the 
explanation  of  tlieir  difference  by  the  presence  of  crystal  modifications. 


CHj- 


— ncii..r,Hor.N 


(\.  XI) 


Cyanoethylation  of  1-(  8 -cyanoethyl)- 3- methyIpyrazolones-5  also  takes  place  at  die  hydroxy-group,  giving 
the  corresponding  8 -cyanoethyl  ester. 

Cll.T  n - p-U  CH,^-riiCN  Cl  It- - — R 

IV  Pd  (tert-'*MI*ONa)  1VJ  j 

^  V’  \  j-OCll,Cll2CN 

\n/ 

H  II 


An  attempt  to  introduce  a  cyanoethyl  group  at  the  nitrogen  of  3-methylpyrazolone  by  transcyanoethylation 
(heating  mixtures  of  equivalent  quantities  of  dimethylaminopropionitrilc  hydrochloride  and  3-methylpyrazoIone 
-b  in  dimethylaminopropionitrilc  for  2  hours  at  160- 170°C)was  unsuccessful. 

Cyanoethylation  of  3-methylpyrazolone- 5  in  the  4-position  by  heating  in  a  sealed  ampoule  in  an  acetic 
acid  medium  with  catalytic  additions  of  cuprous  chloride  also  failed.  In  both  cases  pronounced  resinification  of 
the  reaction  mixture  was  observed. 

Interesting  results  were  obtained  by  the  action  of  acrylonitrile  on  3-methyl- l-phenylpyrazolonc-5  in  a 
strongly  alkaline  medium  (excess  tert  -sodium  butylatc.). 

Bruson  [1]  considered  that  cyanoethylation  of  3-methyl-  l-phenylp)Tazolonc-5  does  not  proceed  because 
of  the  increased  acidity  of  this  compound,  existing  predominantly  in  the  enol  form.  According  to  onr  observations. 
3-mcthyl- l-phenylpyra,'.olone-5  is  easily  cyanocthylatcd  in  the  presence  of  alkaline  agents;  moreover,  the  B- 
cyanoethyl  group  enters  at  the  4-position,  giving  an  Sb'v'o  yield  of  4-(  3 -cyanoethyl)- 3- methyl- 1 -phenylpyrazolone. 
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which  proves  to  be  identical  with  tiie  pyTazolone  (VIII),  obtained  by  tltc  reaction  of  the  6-cyanoethylacetoacetlc 
ester  with  phcnylhydrazine  in  an  acetic  acid  medium. 


r.n- 


N 


Cd 


CH,=CJI(jN 


'ClIXUoCN 


"N 

I 


N  CO 

\n/ 

I 

QMs 


(VIII) 


In  this  manner,  on  cyanocthylation of  pyrazolones,  formation  of  6-cyanoethyl  esters  of  hydroxypyrazoles 
(0-cyanoctliylation,  in  the  cnol  form)  o<:ciirs.  In  the  presence  of  a  phenyl  group  in  the  1-position,  transfer  of  the 
center  of  reaction  and  C-cyanoethylation  (in  the  4-position)  occurs  under  the  action  of  alkali. 

EX  PERIMENTA  L 

]-( B-Cyanocthyl)-3-methylpyrazolone-5  (I).  To  8.5  g  of  B -hydra zinopropionitrile  [5]  in  15  ml  of  alcohol 
with  cooling  and  stirring  13  g  of  freshly  distilled  acetoacetic  ester  was  added,  the  mixture  heated  on  a  water  bath 
for  15  minutes, alcohol  and  water  distilled  off  in  vacuo  (20-30  mm),  and  the  residue  recrystallized  from  benzene. 
Yield  13.5  g(907f')).  l-(8-Cyanoethyl)-3-methylpyrazolone-5  readily  dissolved  in  almost  all  polar  solvents,  M.p. 
111-111.5*  [2]. 

Found  C  55.79,  55.70;  H  6.1.6,  6.08.  C7H9ON3.  Calculated  %:  C  55.61;  H  6.00. 

IR- spectrum  of  3-inethylpyrazolonc  (cm  ^);  736—744  (s).  818,  974  (s) ,  1001  (s),  1196,  1260,  1466  (s) , 
1512-1532,  1630  (s). 

IR-spcctrum  of  l-(8-cyanocthyl)-3-methylpyrazolone-5  (cm  "V-  "^47  (s),  804,  830,  925,  966,  1040  (s) , 

'  1140,  1207.  1240,  1284.  1390,  1462,  1554.  2210  (med). 

l-(  8-Cyanocthyl)-3-isopropylpvT:azolone-5  (II).  Obtained  similarly  to  the  above  from  1.82  g  of  B-hydrazino- 
propioniirile  and  3.2  g  of  isobut\Tylacet»c  ester  in  2  ml  of  alcohol.  Yield  2.5  3(66%),  m.p.  121.5°  (from  benzene). 

Found  C  60.60,  60.62.*  C9H13ON3.  Calculated  7°;  C  60.31. 

1  -( B-Cyanocthyl)-3-isohutylpyrazolonc-5  (III).  Obtained  from  1.7  g  of  isovalerylacetic  ester  and  0.85  g 
of  B-hydrazinopropionitrile,  Yield  1.5  g  (787),  m.p.  92.5-93.5°  (from  benzene). 

Found  C  62.46,  62.10;  N  (nitrile)  7.17,  7.36.  C10H15ON3.  Calculated  7®:  C  62.15;  N  (nitrile)  7.25. 

l-(  B-Cyanocthyl)-3-phenylp\Tazolone-5  (IV).  Obtained  from  3.9  g  of  bcnzoylacetic  ester  and  1.7  g  of  6- 
hydrazinopropionitriie  in  15  ml  of  alcohol.  The  crystals  settling  out  after  cooling  were  filtered  off,  and  washed 
with  cold  alcohol.  Yield  4.0  g(947),  m.p.  184°  (from  alcohol). 

Found  7<^:  N  19.54.  19.63.  CjzHuONg.  Calculated  7<?;  N  19.71. 

l-( 8-CvanocthyD-3,4-diamethylpyrr.zolone-5  (\t).  Obtained  from  2.9  g  of  a-methylacetoacetic  ester  in 
3  ml  of  alcohol  and  1.7  g  of  8  -  hydrazinopropionitrile.  After  coding,  the  solution  was  diluted  with  ether  and  the 
crystals  separating  out  gradually  filtered  off.  Yield  2.2  g(677’),  m.p.  132°  (from  a  mixture  of  benzene  and  alco¬ 
hol). 

Found  7o:  N  25.61,  25.69.  C8Hi,ON3.  Calculated  7^:  N  25.44. 

l-(6  -Cyanoethyl)-3-methyl-4-butylpyrazolone-5  (VI).  Obtained  similarly  to  the  above  from  1.7  g 
of  a-butylacctoacetic  ester  in  3  ml  of  alcohol  and  0.9  g  of  8 -hydrazinopropionitrile.  Yield  1.5  g(727o),  m.p. 
109-110°  (from  a  large  quantity  of  petroleum  ether). 

Found  7c;  N  20.14,  20.21.  CiiH,70N3  Calculated  7o:  N  20.27. 

4-(  8  -Cyanoethyl)-  3-nteth  .  Ipyra'.-.olonc-  5  (VII).  To  an  emulsion  of  13  g  cf  a-(  8 -cyanoethyl) -acetoacetic 
ester  [7]  in  40  ml  of  water,  4  g  of  hydrazine  hydrate  in  15  ml  of  water  was  gradually  added,  and  the  mixture  heat¬ 
ed  on  a  water  bath  for  0.5  hour.  After  cooling,  the  pyrazolone  separated  out  in  almost  quantitive  yield,  m.p. 

218°.  After  recrystallization  from  water  m.p.  increased  to  219.5°. 

•  Part  of  the  analysis  was  done  by  the  wet  combustion  method,  in  which  hydrogen  determination  is  impossible. 
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Found  C  55.-14;  H  5.00,  R.OO;  N  (nitrile)  9.  ti.  n.  i.-i.  CtHoON,.  Calculated  ‘V<’;  C  55.61;  11  6.00; 

N  (nitrile)  0.26. 

IR-spectrum  (cm  ’’);  724,  776  (s),  840.  862,  950  (sl.  994.  1046,  1088,  1168,  1196,  1213  (s).  1426,  1458- 
1462,  1538.  2210  (med) 

If  3.4  g  of  a-(3-cyanoethyl)-acctoacetic  ester  and  1.2  g  of  hydrazine  hydrate  in  2  ml  of  glacial  acetic 
acid  are  used  in  the  reaction,  and  the  mixture  heated  on  a  water  bath  for  1  hour,  yield  of  pyrazolone  amounts  to 

2.3  g(75‘7<’). 

4-(  6 -Cyanoethyl)- 3- methy  1-1- phenyl  pyrazolone- 5  (VTII).  To  3.65  g  of  monocyanoctlryUated  acetoacetic 
ester  in  3  ml  of  glacial  acetic  acid  2.2  g  of  phenylliydrazine  was  added  dropwise,  and  the  mixture  heated  on  a 
water  bath  for  1  hour.  The  completely  solidified  mass  was  recrystallized  from  a  large  quantity  of  dilute  methyl 
alcohol. 

Yield  4.2  g(987c'),  m.p.  (after  several  recrystallizations  from  water)  160-160.5*. 

Found  ^0;  C  68.92,  69.04;  N  (nitrile)  6.53.  6.61.  €,311,30^3.  Calculated  'To;  C  68.70;  N  (nitrile)  6.16. 

1. 4- Pi -( fl -cyanoethyl)- 3-methvlryTazolonc- 5  nXl.  To  17.5  g  of  «-(  8-cyanoethyl)-acetoacetic  ester  8.2 
g  of  8-hydrazinopropionitrile  was  added  dropwise,  and  the  mivfiire  heated  on  a  water  bath  for  45  minutes.  The 
product  that  gradually  crystallized  out  was  carefully  ground  with  su'.all  portions  of  ether,  and  filtered  off.  Yield 

14.3  g(7-*,'7),  m.p.  128.5- 129.5*  (from  a  large  quantity  of  a  benzene-acetone  mivtarc). 

Found  7^:  C  58.94,  58.92;  H  5.91;  6.08.  C,oHi20N4.  Calculated  ^0:  C  58.81;  H  5.92. 

-Tlic  Reaction  of  3-McthylpyrazoIonc-5  with  6 -Chloropropionitrile.  To  a  solution  of  tert  -sodium  butylate 
(2  g  of  metallic  sodium  in  75  ml  of  tert  -butyl  alcohol)  8.7  g  of  3-methylp)T:azolone-5  was  added.  The  mixture 
was  heated  witli  stirring  until  completely  homogeneous,  and  8  g  of  8 -chloropropionitrile  was  added  over  a  period 
of  0.5  hours.  Tire  reaction  mixtiure  was  then  heated  on  a  water  bath  for  .30  minutes,  cooled, the  solvent  distilled 
off  in  vacuo,  and  the  residue  recrystallized  from  a  minimum  quantity  of  w’ater,  9.3  g(69.7‘7')  of  a  substance  was 
obtained  with  m.p.  162-16.3°,  on  fractional  crystallization  of  which  two  forms  of  the  8 -cyanoethyl  ester  of  3- 
methyl-5-hydroxypyrazole  separated  out.  Neither  compound  gave  a  coloration  with  ferric  chloride  solution. 

The  first  form  (X)  with  m.p.  175°  was  obtained  on  fractional  crystallization  from  water. 

Found  C  56.08.  55.96;  H  6.09,  6.08;  N  28.22,  27.71.  C7H9ON3.  Calculated  C  55.62;  H  6.00:  N  27.80. 

The  second,  with  m.p.  191- 191. .5°,  was  obtained  in  only  a  very  small  yield— on  evaporating  the  filtrates 
and  recrystallizing  the  residue  from  alcohol. 

Found  •7'’:  C  55.82.  55.74;  H6.08.  6.06.  C7H9ON3.  Calculated  c  55.61;  H  6.00. 

The  melting  point  of  the  mixture  of  products  corresponded  to  the  low-melting  form  (175°). 

IR-spectra  (cm  "*):  first  modification  (X)  — 748  (s),  794,  821,  825,  926,  987  ( s),  1028,  1050,  1128,  1160, 
1208-1234  (s).  1320,  1380  (med).  1460  (med).  1510-1550  (s).  2210  (s).  Second  modification  (XI)-  746  (s).  774, 

822,  844  (s).  923,  991,  1018,  1050,  1112,  1166,  1212-1240,  1319  (med).  1388  (med).  1466  (s).  1510- 1550  (s).2210  (s). 

The  Reaction  of  3-Methylpytazolone-5  with  .Acrylonitrile.  To  a  solution  of  tert  -sodium  butylate  ( 1.5  g  of 
sodium  in  125  ml  of  tert  -butyl  alcohol)  20  g  of  3-methylpyTazolone-5  was  added,  the  mixture  heated  with  stirring 
until  the  pyrazolone  was  completely  dissolved,  then  13.5  g  of  acrylonitrile  was  added  dropwise.  The  reaction  mix¬ 
ture  was  boiled  on  a  water  bath  for  1  hour,  cooled,  neutralized  with  concentrated  hydrochloric  acid,  and  transferred 
to  a  Claisen  flask,  from  which  the  solvent  was  distilled  off  in  vacuo;  in  this  case,  no  tert  -butoxypropionitrile  was 
observed.  The  residue  in  the  flask  was  recrystallized  from  a  minimum  quantity  of  water,  the  filtrate  evaporated, 
and  again  recrystallized.  Total  yield  of  the  8-cyanoethyl  ester  of  3-methyl- 5-hydroxypyrazole  was  23.6  g  (76.57'), 
m.p.  163-163.5°.  No  melting  point  depression  with  the  substance  obtained  in  the  preceding  experiment  was  ob¬ 
served. 

Found  N  27.90,  27.79.  CrHgONa.  Calculated  N  27.80. 

The  Reaction  of  3- Methyl- 4-( 8- cyanoethyl) -pyTazolone- 5  with  Acrylonitrile.  To  a  solution  of  tert  -sodium 
butylate  (0.69  g  of  metallic  sodium  in  40  ml  of  tert  -butyl  alcohol)  4.5  g  of  3-naethyl-4-(8-cyanocthyl)-pyrazo- 
lone-5  was  added,  the  mixture  heated  with  stirring  for  0.5  hour,  then,  after  cooling,  1.9  g  of  acrylonitrile  was 
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added  gradually  and  boiled  for  an  additional  2  hours  The  cold  reaction  mixture  was  neutralized  with  Congo  dilu¬ 
ted  (1:4)  with  hydrochloric  acid,  and  the  crystals  separating  out  were  filtered  off.  3.7  g  (61*7;’)  of  the  6-cyanoethyl 
ester  of  methyl- 4-(0-cyancethyl)-5-hydroxypyra7, ole  was  obtained,  m.p.  194- 195*  (after  recrystallization  from 
water)  The  compound  gave  no  coloration  with  ferric  chloride  solution.  The  melting  point  of  a  mixture  of  the 
initial  3- methyl- 4-(0-cyanoethyl)-pyrazolone-5  was  183*. 

Found  N  27.60,  27  20.  C,oH,20N4  Calculated  N  27.44. 

The  Reaction  of  1- Phenyl- 3-methylryrazolcne-5  with  Acrvlonitrile.  To  a  solution  of  ten  -sodium  butylate 
( 1  0  g  of  sodium  in  30  ml  of  tert  -butyl  alcohol)  5.2  g  of  l-phenyl-3-methylpyrazolone-5  was  added,  the  mixture 
heated  for  1  hour,  1.9  g  of  acrylonitrile  added,  and  boiling  continued  for  a  further  2  hours.  The  cooled  reaction 
mixture  was  neutralized  with  Congo  diluted  (1:4)  with  hydrochloric  acid,  and  the  crystals  separating  out  filtered 
off.  Yield  of  3-methyl-l-phenyl-4-(fl-cyanocthyl)-pyrazolone-5  was  5.2  m  p  159-160*  (after  two 

recrystallizations  from  water). 

Found  C  69.08,  69.12;  H  5.88.  5.78.  CuHiaON,  Calculated  C  68.70;  H  5.76  . 

The  melting  point  of  a  mixture  with  initial  3-methyl- l-phenylpyrazolone-5  gave  a  depression  (m.p.  97-98*), 
and  on  melting  this  mixture  with  authentic  3-methyl- l-phenyl-4-(0-cyanoethyl)-pyrazolone-5  (VIII)  no  melting 
point  depression  was  observed. 

SUMMARY 

1.  It  was  found  that  pyrazolones  can’be  cyanocthylated  in  an  alkaline  medium.  3-Methylpyrazolone-5-  Iscyano- 
ethylated  in  the  enol  form,  giving  an  est.'r  of  5- hydroxy pyrazole;  but  in  the  presence  of  a  phenyl  group  bonded  to 
the  nitrogen  atom,  the  reaction  proceeds  v.'irh" transfer  of  the  reaction  center  to  the  4-position. 

2.  The  synthesis  of  a  seriesof  l-(6 -cyanoethyl)-pyrazolones-5  by  reacting  B -hydrazinopropionltrlle  with 
esters  of  6-keio  acids  is  described. 

3.  To  synthesize  C-cyancethylated  pyrazolones,  the  inonocyanoethylated  acetcacetic  ester  was  reacted 
with  several  hydrazines. 
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Ditertiary  butyl  peroxide  is  widely  used  in  industry  as  a  polymerization  initiator  and  as  an  initiator  of  other 
industrially  important  chemical  processes.  A  considerable  number  of  investigations  have  been  carried  out  regard¬ 
ing  its  thermal  decomposition  in  gaseous  and  liquid  phases  [1-3];  however,  reactionsof ditertiary  butyl  peroxide 
with  mercury  salts  have  received  little  study. 

In  an  earlier  published  work  [4]  it  was  shown  by  one  of  us  and  T.  V.  Vasilevskaya  that  the  methyl  radical 
formed  on  decomposition  ol  ditertiary  butyl  peroxide  disrupts  the  Hg-O  bond  in  mercuric  pivalate  (mercuric 
trimethylacetate)  and  gives  a  methyl  mercuric  compound. 

In  the  present  work  we  investigated  the  reactions  of  ditertiary  butyl  peroxide  with  mercurous  and  mercuric 
acetates,  and  with  mercuric  benzoate,  as  well  as  the  possibility  of  bonding  a  methyl  radical  to  metallic  mercury. 

During  the  reaction  of  the  peroxide  with  mercurous  acetate  in  acetic  acid  at  118°C,  formation  of  methyl- 
mercury  compounds  (36^o),  of  metallic  mercury  (647o).  and  of  acetone  took  place.  The  gas  consisted  of  COj, 
methane,  ethane,  and  CO.  Substitution  ol  acetic  acid  by  chlorobenzene  led  to  a  lower  yield  of  methylmercury 
compounds  (18%)  and  a  higher  yield  of  metallic  mercury  (lb%).  In  the  reaction  products,  acetic  acid  (507o) 
acetone,  and unreacted  mercurous  acetate  (6.7^70)  were  observed.  The  gas  consisted  of  CO2.  methane,  and  CO. 

On  substitution  of  mercurous  acetate  by  mercuric  acetate,  yield  of  methylmercury  compounds  increased 
to  50‘yo.  and  yield  of  metallic  mercury  decreased  to  25*70.  Mercurous  acetate  and  unreacted  mercuric  acetate 
were  observed  in  the  reaction  products,  CO2  and  methane  were  found  in  the  gases. 

Formation  of  a  methylmercuric  salt  on  reacting  ditertiary  butyl  peroxide  with  mercuric  benzoate  proved 
the  peroxide  origin  of  the  methyl  radical  in  this  salt, 

(1) 

(CH3):,CO()C(CH3)i  2(Cll3)3CO- 

(CH3)3C0-  —  Cll3-  -|-CM3r.OCH3  (2) 

(Coll5C02)2Hg-HCll3-  — ^  (:H3HgOCOC6H3 -f  QH^COz- 

(3) 

Yield  of  methylmercuric  compounds  amounted  to  20%.  Among  the  reaction  products  were  found  metallic 
mercury  and  benzoic  acid.  Phenylmercuric  compounds  were  not  observed.  Methane  and  CO2  were  found  in  the 
gases. 

The  high  yield  of  metallic  mercury  should  be  noted  in  the  reaction  of  the  peroxide  with  mercury  salts,  a 
particularly  high  yield  of  it  being  observed  in  the  reaction  with  mercurous  acetate.  In  a  specially  conducted 
experiment,  on  heating  the  reactants  in  the  absence  of  ditertiary  butyl  peroxide,  reduction  of  the  mercurous  salt 
to  mercury  was  not  observed. 
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We  also  investigated  the  decomposition  of  ditertiary  butyl  peroxide  in  acetic  acid  in  the  presence  of 
some  metallic  mercury.  We  succeeded  in  lixing  a  methyl  radical  directly  on  to  mercury,  as  was  proved  by 
the  formation  of  methylmercury  compxjunds. 

Methyl  mercury  compounds  were  identified  in  all  experiments  in  a  similar  manner  to  that  described  pre- 
viously  [5]. 


EXPERIMENTAL 


Experiments  were  carried  out  in  an  apparatus  consisting  of  a  three* necked  flask,  fitted  with  a  mechanical 
stirrer  and  rellux  condenser  to  which  was  attached  a  gas  burette.  Heating  continued  intermittently  for  6-8  hours. 

The  course  of  the  reaction  was  controlled  according  to  the  evolution  of  gaseous  products.  In  all  experiments,  gas 
formation  ceased  after  19-22  hours.  (In  the  final  experiment  no  gas  was  collected.)  Gases  were  analyzed  in  a 
VTI-2  apparatus. 

The  Reaction  of  Ditertiary  Butyl  Peroxide  with  Mercurous  Acetate  in  Acetic  Acid.  10.4  g  of  mercurous 
acetate,  2.92  g  of  ditertiary  butyl  peroxide,  and  70  g  of  glacial  acetic  acid  were  heated  with  stirring  at  the  boil¬ 
ing  point  of  acetic  acid.  As  heating  proceeded  the  mercury  salt  dissolved,  and  formation  of  metallic  mercury 
took  place.  After  22  hours,  evolution  of  gas  ceased,  and  heating  was  discontinued.  46  ml  of  a  gas  was  collected 
which  consisted  of  carbon  dioxide,  carbon  monoxide,  methane,  and  ethane. 

The  acetic  acid  solution  was  combined  with  the  metallic  mercury.  5.1  g,  or  64*70,  of  mercury  was  collec¬ 
ted,  calculated  on  the  salt  used  in  the  reaction.  The  solution  was  distilled  in  vacuo  at  low  pressure,  65,8  g  of 
liquid  was  collected.  In  it  was  found  acetone,  identified  by  means  of  its  2,4-dinitrophenylhydrazone.  2.4-Di- 
nitrophenylhydrazonc  lias  a  m.p.  of  126”:  a  sample  mixed  with  the  authentic  2.4-dinitrophenylhydrazone  of 
acetone  melted  at  ilie  same  temperature.  The  residue  from  the  vacuum  distillation  crystallized  on  cooling  to 
room  temperature.  Weight  of  residue  6.8  g.  The  residue  was  extracted  with  boiling  water  and  then  treated  with 
concentrated  potassium  iodide  solution.  A  precipitate  of  methylmercury  iodide  then  separated  out,  its  weight 
amounting  to  4,9  g  (36*70),  m.p,  142-143'’;  a  sample  mixed  with  authentic  methylmercury  iodide  melted  at 
142'. 

The  Reaction  of  Ditertiary  Butyl  Peroxide  with  Mercurous  Acetate  in  Chlorobenzene.  10.4  g  of  mercurous 
acetate,  2,92  g  of  ditertiary  butyl  peroxide,  and  50  g  of  chlorobenzene  were  heated  at  120*.  After  several  hours, 
formation  of  metallic  mercury  was  observed  on  the  bottom  and  walls  of  the  flask.  After  19  hours  evolution  of 
gases  ceased.  55  ml  of  gas  was  collected,  consisting  of  carbon  dioxide,  carbon  monoxide,  and  methane. 

A  dark- colored  liquid  separated  from  the  residue.  From  the  residue  6.1  g  (75*7o)  of  mercury  was  collected. 

In  addition,  0,7  g  (6. 7*^/0)  of  unreacted  initial  salt  was  obtained. 

Found  *70  ;  Hg  77.4.  C4H604Hg2.  Calculated  *7o  :  Hg  77.3. 

The  solvent  was  distilled  from  the  filtrate  in  vacuo.  In  an  aqueous  extract  of  the  solvent  were  observed 
acetone  (the  2,4-dinitrcphenyIhydrazone  melted  at  126')  and  acetic  acid  amounting  to  1.21  g  (50*7o).  The  resi¬ 
due  obtained  after  solvent  distillation  was  extracted  with  boiling  water,  2.45  g  (18*!/o)  of  methylmercury  Iodide, 
m.p.  142-143',  was  precipitated  from  the  aqueous  solution  by  potassium  iodide.  A  sample  mixed  with  authentic 
methylmercury  iodide  did  not  give  a  melting  point  depression. 

The  Reaction  of  Ditertiary  Butyl  Peroxide  with  Mercuric  Acetate  in  Acetic  Acid.  6.36  g  of  mercuric  acetate, 
2.92  g  of  ditertiary  butyl  peroxide,  and  70  g  of  glacial  acetic  acid  were  heated  at  the  boiling  point  of  acetic 
acid  for  19  hours.  At  this  point  evolution  of  gases  ceased.  The  gas  consisted  of  carbon  dioxide  and  methane.  A 
yellow-brown  solution  separated  from  the  metallic  mercury.  Weight  of  the  latter  amounted  to  1  g  (25*70).  The 
solution  was  distilled  in  vacuo,  66.6  g  of  distillate  being  collected.  A  brown-colored  liquid  remained  in  the 
flask,  from  which  liquid,  on  treatment  with  boiling  water,  a  precipit.ite  separated  out,  amounting  to  1.3  g 
(25*7o),  this  proving  to  be  a  mixture  of  mercurous  (0.7  g)  and  mercuric  (0,6  g)  salts.  After  separation  of  the  precipi¬ 
tate,  the  filtrate  was  treated  with  potassium  iodide;  3.4  g  (49.8*7’)  of  methylmercury  iodide  separated  out,  m.p. 
142'.  A  sample  of  a  mixture  of  this  and  authentic  methylmercury  iodide  melted  at  142-143*. 

,  The  Reaction  of  Ditertiary  Butyl  Peroxide  with  Mercuric  Benzoate  in  Chlorobenzene.  8.87  g  of  mercuric 
benzoate  (obtained  from  sodium  benzoate  and  mercuric  acetate;  found  *7j:  Hg  45.21,  Cj4Hio04Hg.  Calculated 
*7o:  Hg  45.37), 2. 92  g  of  ditertiary  butyl' peroxide,  and  75  ml  of  chlorobenzene  were  heated  with  stirring  at  the 
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boiling  point  of  tlic  solvrnt  for  20  hour';.  31  ml  cf  gas  was  collected,  consisting  of  methane  and  caihon  dioxi.ic. 

On  completion  of  tlic  reaction  the  precipitate  was  filtered  off.  O.SS  of  mercury  was  obtained.  Tiie  residue 

remaining  after  separation  of  mercury  weighed  1.21  g  ( 12'T)  and  contained  40.2^’  mercury  (by  microanalysis). 

The  residue  was  not  examined  more  closely.  The  filtrate  underwent  distillation  of  chlorobenzene  in  vacuo  at  50 
mm.  After  chlorobenzene  distillation,  in  the  residue  was  an  oily  product  from  which  benzoic  acid  was  extracted 
with  aqueous  methanol.  Its  weight  amounted  to  1.1  g,  m.p.  121";  melting  point  depression  was  not  observed  with 
an  authentic  specimen  of  benzoic  acid.  1.4  g(20‘7')  of  methylmercury  iodide,  m.p.  142",  was  obtained  from  the 
aqueous  methanol  extract  after  addition  of  potassium  iodide;  a  sample  mixed  with  pure  methylmercury  iodide  also 
melted  at  112". 

In  the  residue  was  3  g  of  a  viscous,  oily  product,  not  investigated  more  closely. 

The  Reaction  of  Ditertiary  Butyl  Peroxide  with  Mercury  in  Acetic  Acid.*  2.0  g  of  ditertiary  butyl  per¬ 
oxide.  40  g  of  mercury,  and  100  ml  of  acetic  acid  were  heated  witli  stirring  at  the  boiling  point  of  acetic  acid 
for  20  hours.  On  cooling,  mercury  separated  from  the  solution.  The  solution  underwent  vacuum  distillation.  10‘7<’ 
KI  was  added  to  the  residue.  0.28  g  of  methylmercury  iodide,  m.p.  143",  was  collected.  Mercurous  and  mercuric 
acetates  were  not  found. 


S 1’  M  M  A  R  Y 

1.  On  reacting  ditertiary  butyl  peroxide  with  mercurous  acetate  in  hoilinc  acetic  acid,  formation  of 
methylmercury  salts,  metallic  mercury,  and  acetone  took  place.  In  the  ga.ses  evolved  CO2,  methane,  ethane, 
and  CO  were  found. 

In  a  chlorobenzene  medium  at  120",  methylmercury  salts,  mercury,  acetic  acid,  acetone,  CO2,  methane, 
and  CO  were  found.  In  the  reaction  products,  unreacted  initial  salt  was  observed. 

2.  On  reacting  ditertiary  butyl  peroxide  with  mercuric  acetate  in  boiling  acetic  acid,  methylmercury 
salts,  metallic  mercury,  mercurous  Acetate,  carbon  dioxide,  and  methane  were  obtained.  In  the  reaction  products, 
unreacted  initial  salt  was  found. 

3.  On  reacting  ditertiary  butyl  peroxide  with  mercuric  benzoate  in  boiling  chlorobenzene,  formation  of 
methylmercury  salts,  mercury,  and  benzoic  acid  took  place.  The  gas  consisted  of  methane  and  CO2. 

4.  For  the  first  time  in  decomposition  of  ditertiary  butyl  peroxide  a  methyl  radical  was  bonded  to  metal¬ 
lic  mercury. 
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Continuing  our  studies  on  the  synthesis  of  substituted  pyridines,  which  are  of  interest  for  obtaining  physio¬ 
logically  active  substances  and  also  as  the  initial  products  in  the  synthesis  of  new  condensation  resins  and  poly¬ 
meric  materials  containing  the  pyridine  ring,  we  turned  to  the  preparation  of  y -substituted  pyridines.  These  were 
synthesi^ed  by  a  method  we  had  developed  previously  for  the  preparation  of  2,5-dimethyl- 4- phenylpyridine.  The 
latter  compound  had  been  obtained  in  satisfactory  yield  by  the  dehydration  of  2,5-dimethyl- 4-phenyl-4-piperidol 
[1]  with  subsequent  dehydrogenation  of  the  2,5-dimethyl-4-phenyl- 1,2,3,6-tetrahydropyridine  (on  K-12  brand 
industrial  catalyst)  to  2,5-ditnethyl-4-phenylpyridine  [2]. 


The  newly  synthesized  starting  compounds  2,5-dimethyl-4-(p-tolyl)-4-piperidol  (II)  and  2,5-dimethyl-4- 
(o-tolyl)-4-piperidol  (III)  were  obtained  by  the  interaction  of  2,5-dimethyl-4-piperidone  (I)  with  p-  and  o-tolyl- 
lithium  respectively,  and  also  with  p-tolyl  magnesium  bromide.  These  alcohols  upon  dehydration  gave  respectively 

2,5-dirnethyl-4-(p-tolyl)-  1,2,3,6-tetrahydrcpyridine  (IV)  and  2, 5-dimcthyI-4-(o-iolyl)- 1,2,3,6-tetrahydropyridine 
(V),  which  were  dehydrogenated  on  K-12  brand  catalyst  to  respectively  2,5-dimethyl-4-(p-tolyl)-pyridine  (VI) 
and  2,5-dimeihyl-4-(o-tolyl)-pyridine  (VII). 
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Oxidation  of  the  indicated  )  -aryl-substituted  pyridines  gave  4-(p-carboxyphenyl)-pyridine-2,5,-dicarboxylic 
acid  (VIII)  and  4-(o-carboxyphenyl)-pyridine-2,5-dicarboxylic  acid  (IX).  Upon  bromination  of  the  substituted 
pyridine  (VI),  2,5-dimethyl-4-(p-bromomethylphenyl)-pyridine  was  formed. 

EXPERIMENTAL 

2.5-Dimethyl-4-(p-tolyI)-4-piperidol  (11),  2,5- Dimethyl-4-(p-tolyl)- 1,2,3, 6-tet:rahydropyridine  (IV).  and 

2, 5- Dime thyl-4-( p-tolyl) -pyridine  (VI). 

a)  To  p-tolyl  magnesium  bromide  (obtained  from  53.9  g  p-’oromotoluene  and  7.7  g  magnesium  in  600  ml 
absolute  ether)  20  g  2,5-dimethyl- 4-piperidone  was  added  over  two  hours  with  ice- water  cooling  and  with  stirring. 
The  mixture  was  heated  for  2.5  hours  (refluxing  the  ether).  The  reaction  mixture  after  cooling  was  treated  success¬ 
ively  with  50  ml  water,  50  ml  IS^fHCl,  and  25  ml  concentrated  HCl.  The  water  layer  was  saturated  with  potassium 
hydroxide.  The  organic  bases  were  extracted  with  five  100  ml  portions  of  ether.  Vacuum  distillation  of  the  reac¬ 
tion  products  gave  the  following  fractions;  first,  56“  (2.5  mm),  9.3  g  (initial  piperidone);  second,  56-156“  (2.5  mm). 
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1.8  g:  tiiird,  1.5K- 170“  (2.5  nun).  5.8  g.  Residue  1.5  g.  The  third  fraction  wa.s  crysLilhzcd  fr-jm  benzine.  Tlicre 
was  obtained  8.7  g  of  a  mixture  of  stereoisomcric  2.5-dimcthyl-  l-(p-tolyl)-4-piperidols  (II),  from  which  one  of 
the  stereoisomcric  piperidols  (II)  was  isolated  with  m..p.  11 8-119“  (from  benzine). 

Found  N  6.78.  6.40.  C^HjiGN.  Calculated  7'’;  N  6..39. 

b)  p-Tolyllithium  was  obtained  from  16  g  lithium  and  200  g  p-bromotoluene  in  1000  ml  absolute  ether. 

With  ice-watcr  cooling  and  with  stirring,  56  g  2,5-dimethyl-4-piperidone  was  added  over  one  hour.  The  following 
day  the  reaction  mi,xture  was  treated  with  200  ml  water,  200  ml  157' HCl,  and  then  with  100  ml  concentrated 
HCl.  The  aqueous  layer  of  salts  of  the  organic  bases  was  separated,  treated  with  sodium  hydroxide,  and  then  with 
ether.  Distillation  of  the  reaction  products  gave  the  following  fractions:  first,  65-104“  (2.5  mm),  5  g,  nj^  1.5162; 
second.  104- 1.30"  (2.5  mm),  16.9  g,  n^  1.5311;  third,  130- 180“  (2.5  mm),  40.5  g  (viscous  barely  pourable  liquid). 
The  third  fraction  was  crystallized  from  benzine.  Tliere  was  obtained  16.4  g  of  a  mixture  of  stereoisomeric  2,5- 
dimethyl-4-(p-tolyl)-4-piperidols  (II)  (m.p.  108-113*),  from  which  there  was  separated  by  recrystallization  from 
benzine  the  above-described  form  of  the  piperidol  (II)  with  m.p.  118-119’ 

A  mixture  of  16  g  2,5-dimethyl-4-(p-tolyl)-4- piperidol,  23  g  TOfo sulfuric  acid,  and  3.5  g  calcined  copper 
sulfate  was  heated  four  hours  on  a  steam  bath.  Tlten  the  mixture  was  treated  with  sodium  carbonate.  The  organic 
bases  were  cxtr.ictcd  with  ether  and  after  drying  were  distilled.  There  was  obtained  12.9  g  2.5-dimcthyl-4-(p- 
tolyl)- 1,2,3. 6-tetrahydropyridine  (IV)  with  b.p.  117- 120“  (2.5  mm),  n^  1.5559.  An  additional  quantity  of  (IV)  was 
recovered  by  tlie  following  means:  From  the  mother  liquor  remaining  after  separation  of  the  crystalline  piperidol 
(II)  ( 16.4  g)  the  benzine  was  distilled  off.  The  residue.  30.8  g,  was  heated  2.5  hours  on  a  steam  bath  with  44.3  g 
707' sulfuric  acid  and  6.5  g  copper  sulfate.  Further  treatment  was  carried  out  as  usual  for  the  separation  of  the 
organic  bases,  which  upon  distillation  gave  the  following  fractions;  first,  88-134’ (5  mm),  2.9  g,  n^  1.5273; 
second  144- 150’ (5  mm),  9.9  g,  n^  1.5540  [2, 5-dimethyl-4-(p-tolyl)- 1.2. 3, 6-tetrahydropyridine].  The  first 
fraction  showed  relatively  rapid  crystallization.  From  this  fraction  there  were  isolated  crystals  of  a  substance  whose 
structure  has  not  yet  been  determined,  with  m.p.  96-98’  (from  benzine). 

2.5- Dimcthyl-4-(p-..olyl)-pyridine  was  obtained  from  both  samples  of  (IV).  Dehydrogenation  was  carried  out 
in  a  flow  system  on  industrial  catalyst  (K- 12  brand)  by  a  method  described  in  one  of  the  preceding  communica¬ 
tions  [2].  The  volume  of  catalyst  was  150  ml  and  the  temperature  in  the  catalyst  zone  was  395-400“.  In  80  minutes 
12  g  of  2,5-dimethyl-4-(p-tolyl)- 1 .2, 3, 6-tetrahydropyridine  was  passed  through  the  catalyst.  There  was  collected 
8.1  g  of  condensate,  vacuum  distillation  of  which  gave  7.5  g  of  2,5-dimethyl-4-(p-tolyl)-pyridinc  (VI). 

B.p.  132’ (3  mm),  n^^  1.5811,  dzo”  1.0274.  MP^  63.91.  C,4Hi5Np3.  Calculated  63.59. 

Gas  collection  was  2.4  liters  (750  mm,  20’;  CO2  0.77',  H2  99,37'). 

2.5- DimcthyI-4-(o-toIyi)-4-piperidoI  (III),  2,5-Dimethyl-  4-(o-tolyI)- 1,2, 3, 6-tetrahydropyridine  (V),  and 

2,5-Dimcthyl-4-(o-tolyl)-pyridine  (VII). 

o-Tolyllithium  was  obtained  from  186  g  o-bromotoluene  and  /15.2  g  lithium  in  1000  ml  absolute  ether. 

Then  53,2  g  2,5-dimethyl- 4-piperidone  was  added  over  one  hour  with  vigorous  stirring  of  the  reaction  mixture 
and  ice-water  cooling.  The  usual  treatment  was  then  carried  out  for  separation  of  the  organic  bases  from  the  reac¬ 
tion  mixture;  distillation  of  the  bases  gave  the  following  fractions;  first,  52-113’  (2.5  mm),  9.3  g,  n^  1.5100; 
second.  113-137’ (2.5  mm).  10.8  g,  n^  1.5265;  third.  137-141’ (2.5  mm).  17.41  g,  n[j  1.5335;  fourth.  141-160’ 
(2.5  mm).  25.8  g.  Residue  after  distillation,  7.5  g. 

The  fourth  fraction  was  crystallized  from  benzine.  2,5-Dimethyl-4-(o-tolyl)-4-piperidol  (III)  was  obtained 
with  m.p.  78-79“  (from  benzine). 

Found  7o:  N  6.60,  6.20.  C,4H2,ON.  Calculated  7o:  N  6.39. 

22.3  g  of  the  piperidol  (III),  36  g  707o  sulfuric  acid,  and  4.7  g  calcined  copper  sulfate  were  heated  on  a 
steam  bath  for  four  hours.  The  mixture  was  treated  with  sodium  carbonate.  The  organic  bases  were  extracted 
with  ether,  then  vacuum  distilled.  There  was  obtained  12  g  2,5-dimethyl-4-(o-tolyl)- 1.2.3,6-tetrahydropyTidine 
(V). 

B.p.  125-127’  (2.5  mm),  nf^  1.5371,  d2i^‘  0.9695,  MR^  64.76  C14H19N.  Calculated  64. i9. 

Methiodide  -  m.p.  230-232“  (from  alcohol). 
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Found  ^,0:  N  4.40.  4.37.  Ci5H22NI-  Calculated  N  4.09. 

The  dehydrogenation  of  the  2.5-dimethyl-4-(o-tolyl)-l,2,3,6-tetrahydropyridine  was  carried  out  as  described 
above  for  tlie  p-tolyl  isomer  (IV).  The  2,5-dimethyl-4-(o-tolyl)- 1,2,3,6-tetrahydropyridine  (9.7  g  dissolved  in 
10  ml  benzene)  was  passed  through  the  contacting  tube  ( 150  ml  of  K-12  brand  catalyst)  at  constant  rate  for  two 
hours.  Tlie  catalyst  zone  temperature  was  395-400*.  Distillation  of  the  catalyzate  gave  5.2  g  2.5-dimeiliyl-4-(o- 
tolyl)-pyridine  (VII). 

B.p.  104- 106’ ( 1 .5  mm),  np  1.5686. 

Found  N  7.18.  7.53.  Ci4Hj5N.  Calculated  °lo-.  N  7.11. 

Picrate-  m. p.  158- 160°  ( from  alcohol). 

Found  *70;  N  13.35.  13.53.  C20HJ8O7N4.  Calculated  N  13.14. 

During  the  dehydrogenation  2.2  liters  of  gas  was  collected  (749  mm.  21*;  l*7o,  Hj  99^. 

4-(p-Carboxy phenyl) -pyridine- 2. 5-dicarboxyIic  Acid  (VIII).  To  a  mixture  of  5.9  g  2,5-dimethyl-4-(p- 
tolyl)-pyridine  and  75u  ml  water  (stirred  vigorously  at  100°)  28.4  g  potassium  permanganate  was  added  in  small 
portions  over  3.5  hours.  The  manganese  dioxide  was  filtered  off  and  washed  three  times  with  hot  water.  The  aque¬ 
ous  solution -was  evaporated  under  vaouum  to  150  ml  and  then  treated  with  dilute  sulfuric  acid  up  to  acidic  reac¬ 
tion  with  Congo  red.  The  precipitated  material  was  filtered  off,  washed  with  water,  and  recrystallized  from  aque¬ 
ous  alcohol.  There  was  obtained  2.6  g  of  4-(p-carboxyphenyl)-pyridine-2,5-dicarboxylic  acid  (VIII)  with  m.p. 
244-245’ (sealed  eapill.iry.  dcccmp.). 

Found  N  4.86,  4.5S.  C,4HflOgN.  Calculated  N  4.88. 

Trimcthyl  ester  of  4-(p-carboxyphenyl)-pyridine-2,5-dicarboxylic  acid  — m.p.  130-132°  (from  benzine). 

4-(o-Carboxyphcnyl)-pyridinc-2.5-dicarboxylic  .Acid  (IX).  To  a  mixture  of  3.9  g  2,5-dimethyl-4-(o-tolyl)- 
pyridine  anJ  500  ml  water,  at  I'Vi’.  19  g  potassium  permanganate  was  added  in  small  portions  over  five  hours. 
After  separation  of  the  manganese  dioxide  the  aqueous  solution  was  evaf)orated  to  150  ml  and  treated  with  dilute 
sulfuric  acid  up  to  acidic  reaction  with  Congo  red.  The  precipitated  material  was  separated  and  recrystallized 
from  aqueous  alcohol,  giving  2.7  g  4-(o-carboxyphcnyl)-pyridine-2,5-dicarboxylic  acid  (IX)  with  m.p.  221- 
223°. 

Found  ‘Tf’:  N  5.17.  5.16.  CjiHgOgN.  Calculated  lo.,  N  4.88. 

2,5-Dimeth\i-4-( p-bromomethvlphenyl)-pyridine.  To  a  sclution  of  7  g  2,5-dimethyl- 4-(p-tolyl)-pyridlne 
in  50  ml  glacial  acetic  acid,  with  vigorous  stirring  and  strong  illumination,  a  solution  of  5.7  g  bromine  in  10  ml 
glacial  acetic  acid  was  added  diopwise.  The  acid  was  removed  by  vacuum  distillation.  To  the  residue  there  was 
added  10  ml  water  and  then  sodium  carbonate  solution.  The  liberated  oil  was  extracted  with  ether.  After  drying 
with  sodium  sulfate  and  distilling  off  the  ether,  there  was  obtained  6.7  g  of  crystals  of  2,5-dimethyl-4-{p-bromo- 
methylphenyl)-p)Tidine  with  m.p.  234-236°  (decomp.). 

Found  ‘vo:  n  5.17,  5.52.  Ci4Hi4NBr.  Calculated  lo-,  N  5.07. 

SUMMARY 

Syntheses  have  been  carried  out  for  the  new  y -substituted  piperidine  alcohols,  4-(p-tolyl)-  and  4-(o-tolyl)- 
2,5-dimethyl-4-piperidols.  On  the  basis  of  these  alcohols,  there  have  been  prepared  2,5-dimethyl-4-[p(o)-tolyl)- 
pyridines  and  tribasic  acids  of  the  pyridine  series,  4-(p-carboxyphenyl)-  and  4-( o-carboxy phenyl)- pyridine- 2,5- 
dicarboxylic  acids. 
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Various  methods  of  synthesizing  2-tert-butyl-butadiene- 1,3  are  described  in  the  literature  [1-3). 

The  condensation  reaction  of  olefins  with  aldehydes  was  utilized  in  the  present  work;  this  reaction  has  been 
used  successfully  for  the  preparation  of  lower  dienes  [4-61.  The  starting  materials  were  formaldehyde  and  2,2,3- 
trimethyibutenc-3  []],  synthesized  by  the  Favorskii  method  from  pinacolin  [7], 

Tlie  condensation  of  2.2,3-trimethylbutene-3  with  formaldehyde  in  aqueous  sulfuric  acid  leads  to  the  forma¬ 
tion  of  4-methyl-4-tert-butyldioxane-1.3  (II)  and  2.2,3,3-tetramethyltetrahydrofuran  (III),  the  total  yield  of 
which  constitutes  about  10%  on  the  initial  trimethylbutene  (I)  (Scheme  1). 


Scheme  1 
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The  relative  quantity  of  the  dioxane  decreases  with  increasing  reaction  temperature.  Most  of  the  experi¬ 
ments  were  conducted  at  50-60*  in  2 5‘7£’ sulfuric  acid  solution. 

Structures  of  the  principal  reaction  products  were  proved  in  the  following  manner. 

For  proof  of  structure  2,2,3,3-tetramethyltetrahydrofuran  (III)  was  oxidized  quantitatively  by  aqueous  per¬ 
manganate  solution  to  the  y  -lactone  (IV),  obtained  for  the  first  time  by  Pechnikov  [8],  who  incorrectly  ascribed 
to  it  the  formula  6-tert-butyl-y -butyrolactone  (V). 
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Reduction  of  the  y -lactone  (IV)  by  sodium  in  alcohol  solution  gives  3,3,4-trimethylpentanediol- 1,4,  (VI) 
which  is  esterified  by  phthalic  anhydride  [9]  only  at  the  primary  hydroxyl  and  which  gives  a  positive  reaction  for 
the  tertiary  alcohol  group. 
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Tlic  nictliyl-tcrt-butyldioxanc  (II)  upon  hydrolysis  forms  3,4,4-trimcthylpenLanedioI-l,3  (VII);  the  presence 
of  the  primary  and  tertiary  hydroxyl  groups  in  this  compound  was  established  by  the  same  method  as  that  used  for 
tlic  glycol  (VI).  In  addition,  this  hydrolysis  also  forms  a  certain  quantity  of  tetramethyUetrahydrofinan  (HI),  which 
is  explained  by  the  rctropinacol  rearrangement  taking  place  upon  hydrolysis  of  the  methyl-tert-butyidioxane  (II) 
in  an  acidic  medium  (Scheme  2).  The  trimethylpentanediols  (VI)  and  (VII),  while  having  identical  elemental 
composition,  differ  in  physical  properties  and  give  different  derivatives  with  phenyl  isocyanate. 

Scheme  2 

((■,ii3)3C-r((:n3)-cno-cii2  (CH3)jC-c^(Cii3)-ciio-ai>on 

I  I 

U - Cl  1.2 - 0 

(II) 

(Cl  l3)..C - Cl  I2  (Cl  l3)3C-C(CI  l3)-Cl  I2-CI I20 1 1 

I  I  I 

(Cll3).2C  CIl,  oil 

^O'^  <1II)  (VII) 


Conversion  of  the  methyl-tert-butyldioxane  (II)  to  2-tert-butylbutadicne-  1,3  (VIII)  was  carried  out  by 
catalytic  pyrolysis  on  phosphate  catalyst  at  385-400"  in  the  presence  of  water  vapor.  Besides  the  2-tert-butyl- 
biit.'ulicnc- 1 . 1,  the  pyrolysis  products  contained  the  isomeric  hydrocarbon  2,3,3-triinethylpentadiene-l,4  (IX), 
tetramcthyltctraliydrofnran  (III),  trimethylbutene  (I),  and  unchanged  metliyl-tert-butyldioxane  (Scheme  3). 

Scheme  3 
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Trimcthylpcntadiene  (IX)  and  tetramcthyltetrahydrofuran  (III)  are  formed  as  a  result  of  the  retropinacol 
rearrangement  accompanying  pyrolysis  of  the  methyl-tert-butyldioxane  (II).  If  letramethyltetrahydrofuran  (III)  is 
passed  through  the  contacting  furnace  under  those  same  conditions,  the  pyrolysis  is  then  accompanied  by  the  pina- 
col  rearrangement,  and  a  mixture  of  the  same  hydrocarbons  (VIII)  and  (IX)  is  formed. 

The  quantity  of  tcrt-butylbutadiene  (\TII)  in  the  mixture  was  determined  by  adduct  formation  with  maleic 
anhydride.  The  unreacted  trimctliylpentadiene  (IX)  was  distilled  off.  It  was  demonstrated  by  test  with  maleic  an¬ 
hydride  that  this  distillate  did  not  contain  any  isomer  with  conjugated  double  bonds. 

Tlic  infrared  spectrum  of  the  isolated  pure  trimcthylpcntadiene  (IX)  showed  that  its  bands  correspond  to  the 
isopropenyl  group  (888  cm"*)  and  the  vinyl  group  (999  cm"*).  In  addition,  it  was  established  that  the  ratio  of  iso- 
propenyl  to  vinyl  groups  in  the  hydrocarbon  (IX)  is  1:1. 

The  tert-butylbutadiene  (VIII)  and  trimethylpentadiene  (IX)  could  not  be  separated  successfully  by  fractional 
distillation.  The  highest  content  of  tert-butylbutadiene  (VIII)  in  the  mixture  of  isomers  was  Iblo.  The  indices  of 
this  fraction  are  close  to  those  given  in  the  literature  [3]  for  2- tert-butylbutadiene- 1,3  (VIII),  for  which,  however, 
tne  yield  of  maleic  anhydride  adduct  was  not  indicated.  However,  our  work  demonstrated  that  the  hydrocarbon 
distilled  from  the  adduct  does  not  enter  into  the  condensation  reaction  with  maleic  anhydride  and  that  this  hydro¬ 
carbon  is  2,.‘^,3-trimcthylpentadicnc- 1,4  (IX).  Backer  [1)  obtained  an  adduct  of  2-tcrt-butylbutadicne- 1,3  with 
maleic  anhydride  with  a  yield  of  only  73%  Evidently  Backer  [1]  and  also  I.  A.  Favorskaya  [2]  did  not  obtain  pure 
2-tcrt-butylbutadiene- 1,3,  since  they  carried  out  the  last  stage  of  their  synthesis  under  conditions  which  do  not 
eliminate  isomerization. 
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EX  PHRIM  ENT  A  L 


1.  Synthesis  of  2,3,3- Trimcthylbiitcnc- 1  (I) 

A  Grignard  reagent  was  prepared  from  40  g  magnesium  and  234  g  methyl  iodide  in  350  ml  ethyl  ether;  to 
this  reagent  a  mixture  of  150  g  pinacolin  and  100  ml  ethyl  ether  was  added  dropwise.  The  pinacolin  (commercial¬ 
ly  "pure"  as  received)  was  dried  with  sodium  sulfate  and  distilled  (b.p.  104-106'’).  After  decomposition  of  the 
orga nomagnesium  complex  by  lO'^f  hydrochloric  acid,  the  resulting  dimethyl  tert-butyl  carbinol  was  dehydrated 
by  distillation  in  the  presence  of  iodine.  The  distillate  was  dried  with  calcined  calcium  chloride  and  distilled, 
collecting  the 75-80"  fraction.  The  yield  of  2,3,3-trimcthylbutcne- 1  was  757*’ relative  to  the  pinacolin.  B.p.  80", 
d®  0.7082,  np  1.4050.  These  values  agree  with  the  literature  data  for  the  hydrocarbon  [7]. 

2.  Condensation  of  2,3,3- Trimethylbutenc-1  with  Formaldehyde 

150  g  2,3,3-trimethylbutene-l,  121  g  formaldehyde  (in  the  form  of  327<’  formalin)  and  114  g  sulfuric  acid 
(d  1.84)  were  charged  to  a  flask  with  reflux  condenser  and  stirrer.  The  reaction  was  carried  out  at  50-55"  for  8 
hours  and  was  considered  complete  when  the  concentration  of  formaldehyde  (determined  by  titration  with  hydrox- 
ylamine  hydrochloride)  became  practically  constant. 

Tlic  organic  layer  was  separated  from  the  aqueous  layer,  then  nc’itrali/ed  with  sodium  carbonate,  washed 
with  sodium  sulfite  and  with  water,  dried  with  anhydrous  sodium  sulfate,  and  distilled.  In  addition  to  a  small 
quantity  of  mcthylal  [dimcihoxymetliane],  the  following  fractions  were  obtained:  first,  T5-S0',  IT  g(  11.357), 
Initial  2,3,3-trimcthylbutcne- 1;  second,  132-136°,  50  g  (25. 47^);  third,  64-66®  (10  mm),  107.8  g  (44.57'')." 

a)  Study  of  Second  Fraction,  B.p.  132-136°.  After  redistillation  the  material  had  the  following  constants; 

B.p.  135°,  m.p.  29-, 30".  ng  1.4227,  d/^  0.8561,  MRp  38.05;  Calc.  38.51. 

Found  7o:  C  75.08.  75.26;  H  12.67,  12.63.  M  128.3  (cryoscopic).  CgH^O.  Calculated  7o:  C  74.90;  H  12.57, 

M  128.2 

Oxidation  of  .Second  Fraction  (B.p.  135").  35  g  of  the  material  was  oxidized  by  an  aqueous  solution  of  potass¬ 
ium  permanganate  (60  g)  for  three  hours.  The  oxidation  was  carried  out  in  a  one-liter  flask  fitted  with  stirrer  and 
reflux  condenser.  When  the  rate  decreased  markedly  (after  2.5  hours),  10  ml  of  sulfuric  acid  (d  1.84)  was  added 
to  the  reaction  mixture.  The  reaction  products  were  extracted  by  ether  from  the  acidic  solution.  The  recovered 
material  (38.7  g)  was  dissolved  in  a  small  excess  of  hot  caustic,  the  solution  was  boiled  down,  and  the  residue  was 
dried  and  washed  with  ethyl  ether.  The  lactone,  freed  from  salt  by  acidification,  was  dissolved  in  ether,  the  solu¬ 
tion  was  dried  with  anhydrous  sodium  sulfate,  and  the  ether  was  distilled  off.  M.p.  97-98°. 

Found  %:  C  67.75,  67.94;  H  9.81,  9.61.  M  141.6;  equiv.  143.2.  CgHi^j.  Calculated  C  67.57;  H  9.92. 

M  142.2. 

The  analytical  data  and  properties  of  the  substance  with  m.p.  97-98°  conespond  to  the  y-lactone  (IV). 

Reduction  of  the  y -lactone.  To  a  solution  of  10.9  g  of  the  y-lactone  in  160  ml  anhydrous  alcohol,  15  g 
sodium  was  added  rapidly.  The  solution  was  heated  until  the  sodium  disappeared  completely.  Water  was  added 
and  the  alcohol  was  steam-distilled.  The  glycol  which  was  formed  was  extracted  with  etlier.  The  glycol  (2.6  g) 
was  obtained  in  the  form  of  a  hygroscopic  white  substance  melting  in  the  range  67-77"  and  distilling  92°  (12  mm). 

Found  7o:  C  65.82,  65.35;  H  12.47,  12.10;  OH  22.0,  23.2.  CgHigOg.  Calculated  C  65.75;  H  12.33;  OH 

23.2. 

By  esterification  with  phthalic  anhydride  [9],  found,  OH  11.4,  11.2,  which  corresponds  to  one  primary 
hydroxyl  group,  CgHjg02. 

By  reaction  with  Deniges’  reagent  [10],  the  presence  of  a  tertiary'  alcohol  group  in  the  glycol  (VI)  was 
demonstrated. 

With  phenyl  isocyanate  the  glycol  (VI),  3,3,4-trimethylpentanediol- 1,3,  forms  a  monourethane  with  m.p. 
121-122°. 


"The  product  percentages  are  calculated  relative  to  the  initial  quantity  of  trimethylbutene.  The  trimethylbutene 
not  accounted  for  in  the  identified  products  goes  into  a  high-boiling  resinous  residue,  which  was  not  studied. 
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The  experiments  conducted  show  that  tlie  substance  with  b,p.  132-136”  is  2,2,3,3-tetramethyltetrahydro- 
furan  (III). 

b)  Study  of  Third  Fraction  with  B.p.  64-6^  ( in  mm).  Tlte  product  Is  a  colorless  oily  liquid. 

B  p.  31”  (  1  mm),  d/  0.0.310.  1.4480.  MRp  44.44;  Calc.  44.85. 

Found  'Ir:  C  68. 36.  68.33;  H  11.80.  11.89.  M  137.5.  C^iHjgOj.  Calculated  C  68.32;  H  11.40.  M  158.2. 

By  hydrolysis  with  sulfuric  acid  in  the  presence  of  hydroxylamine  hydrochloride,  the  content  of  4-methyl- 
4-tert-butyldioxanc- 1 .3  (II)  in  the  sample  was  found  equal  to  09.9  to  99.870. 

Hydrjolysis  of  Mcthyl-tcrt-butyldioxane  (IT)  by  Sulfuric  ;\cid.  30  g  of  the  dioxane,  9  ml  sulftiric  acid  (d  1.84) 
and  100  rnl  methanol  were  heated  four  hours  on  a  steam  bath.  After  neutralization  with  sodium  carbonate,  the 
methanol  and  the  mcthylal  that  was  formed  were  removed  by  steam  distillation.  The  reaction  products  upon  distil¬ 
lation  yielded  9  g  of  the  glycol  3,4.4-trimothylpcntancdiol-l,3  (VII),  6.5  g  2,2,3,3-tetramcthyltetrahydrofuran 
(III),  and  10.5  g  of  the  unreacted  dioxane  (II). 

3,4,4- Trimethylpentancdiol- 1,3,  twice  recrystallized  from  petroleum  ether,  appears  as  white  lamellar 
crystals  with  m.p.  87-88”. 

Found  70:  C  63.80.  66.09;  H  12.30,  12.43;  OH  22.6,  23.6;  OH  (primary)  [9]  11.0,  11.5.  CgHigOj.  Calculated 
7o:  C  63.73;  H  12.33;  OH  23.2. 

The  monophenyliu'ethane  of  the  glycol  was  obtained  with  m.p.  106-107*. 

Found  7":  N  6.03,  5.83.  CjsHzgOgN.  Calculated  7o:  N  5.28. 

3.  Synthesis  of  2-tcrt-nutyibutadiene- 1.3  (VIII).  The  catalytic  pyrolysis  of  4-methyl-4-tert-butyldioxane- 
1,3  (II)  and  2.2.3,3-ietramcthyltetrah>'drofuran  (III)  was  carried  out  on  acidic  phosphate  catalyst  in  a  block- type 
electric  furnace  300  mm  long,  having  an  opening  for  the  quartz  reaction  tube  (diameter  20  mm.  length  800  mm); 
the  reaction  was  conducted  at  383-400"  under  vacuum  (30  mm).  Temperature  was  measured  by  a  copper- constantan 
thermocouple.  Methyl-tert-butyldioxane,  tetramethyltctrahydrofuran  and  water  in  1:1  weight  ratio  were  fed  sep¬ 
arately  from  burettes.  Tlie  teed  rate  of  these  products  was  0.2- 0.3  volumes  per  volume  of  catalyst  per  hour. 

Catalyst  regeneration  was  performed  after  each  experiment.  The  pyrolysis  products  were  condensed  in  a  cooler 
and  collected  in  a  flask  chilled  in  ice-salt  mixture.  The  condensate  was  treated  with  sodium  bisulfite,  dried,  and 
distilled.  Tlie  resulting  mixture  of  isomeric  hydrocarbons  distilled  in  the  range  100-108”. 

Tlie  unsaturation  of  the  fraction  was  determined  by  two  methods:  by  bromide— bromate  and  by  catalytic 
hydrogenation  in  the  presence  of  palladium  catalyst. 

Iodine  number,  found  460,  calculated  for  C8H14,  461.  Unsaturation,  determined  by  hydrogen  absorption,  97.57o 
of  that  calculated  for  C8H,4. 

The  quantitative  determination  of  the  isomeric  hydrocarbons  in  the  mixture  was  carried  out  as  follows;  The 
hydrocarbon  mixture  was  heated  one  hour  in  a  sealed  ampule  at  90°  with  a  107f’ excess  of  maleic  anhydride.  The 
unrcactcd  trimcthylpcntadicne  (IX)  was  removed  by  vacuum  distillation.  Based  on  the  weight  of  the  adduct  with 
hydrocarbon  (VIII)  and  the  weight  of  distilled  hydrocarbon  (IX).  the  content  of  hydrocarbons  in  the  mixture  was 
determined.  The  adduct  of  2-tert-butyIbutadiene- 1,3  with  maleic  anhydride  melted  at  124.5". 

Upon  decomposition  of  the  methyl-tert-butyldioxane  (II),  the  yield  of  100-108”  fraction  constituted  60-6370 
relative  to  the  conversion  of  (II),  the  mixture  containing  up  to  707o  tert-butylbutadiene  (VIII)  and  about  307otri- 
methylf)cntadicnc  (IX).  Upon  decomposition  of  the  tctramethyltetrahydrofuran  (III),  the  yield  of  100-108*  frac¬ 
tion  constituted  40- 437o  relative  to  the  conversion  of  (III),  and  the  content  of  tert-butylbutadiene  (VIII)  in  the 
fraction  did  not  exceed  507";  the  remainder  consisted  of  the  isomeric  hydrocarbon  2,3,3-trimethylpentadiene-l,4 
(IX). 

Redistillation  gave  fractions  distilling  within  narrower  temperature  ranges.  The  greatest  quantity  of  2- tert- 
butylbutadiene- 1,3  (757o)  was  contained  in  the  fraction  distilling  at  102-104"  (760  mm);  the  isomeric  hydrocarbon 
(IX)  made  up  the  other  257o. 

The  physicochemical  indices  of  the  102-104"  fraction:  dj®  0.7434,  n^  1.4262,  MRp  38.21. 
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Literature  data  for  2-tert-butylbutadier;e-l,n  (Mil):  B.p.  104- 100’  [1]  ;  B.p.  100-104'’,  d^^^  0.7304, 

1.42596  [2];  B.p.  103.5-104’.  df  0,7354.  n^D  1  4265  f3). 

The  separated  2,3,3-trimethylpentadlene- 1,4  has  b.p.  103-104’  and  1.4298. 

Found  %:  C  87.13,  87.24;  H  12.99,  12.90.  Iodine  number  463.  CgH ,4,  Calculated  “Vo;  C  87.19;  H  12.35. 

Iodine  number  461. 

SUMMARY 

1.  A  study  has  been  made  of  the  condensation  reaction  of  2,2,3  trimethylbutene-3  with  formaldehyde  in 
the  presence  of  sulfuric  acid. 

2.  The  following  compounds  are  described  for  the  first  time:  4-tert-butyl-4-methyldloxane- 1,3;  2. 2,3,3- 
tetramethyltetrahydrofuran;  3,3,4- trimethylpentanediol- 1,4;  3,4,4- trimethylpentanediol- 1,3;  and  2,3,3- trimethyl- 
pentad iene- 1,4. 

3.  It  has  been  established  that  2-tert-butylbutadIene- 1,3  reacts  quantitatively  with  maleic  anhydride. 

4.  The  structure  of  Sflyy  -tetramethyl-y -butylrolactone  has  been  established. 
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In  previous  communications  we  described  the  synthesis  of  the  simplest  aliphatic  [1]  and  alicyclic  [2]  sec¬ 
ondary  amines  containing  a  tertiary  radical  and  possessing  strong  ganglion- blocking  activity.  Such  activity  of 
secondary  amines  was  discovered  only  very  recently  [3-6], 

With  the  aim  of  further  clarification  of  the  dependence  of  pharmacological  activity  upon  chemical  struc¬ 
ture,  we  undertook  the  synthesis  of  new  representatives  of  this  class  of  gangliolytics. 

It  was  of  particular  interest  to  follow  the  change  of  physiological  activity  of  branched- chain  secondary  di¬ 
amines  in  comparison  with  monoamines  (IV),  since  it  is  well  known  that  in  the  case  of  quaternary  ammonium 
salts  the  ganglion- blocking  activity  increases  many  times  upon  transition  from  the  simplest  salts  to  the  bis-qua- 
ternarv. 

In  this  conclusion,  in  the  present  work  there  were  synthesized  certain  secondary  diamines  having  a  quatern¬ 
ary  carbon  atom  adjacent  to  an  amino-group  of  a  compound  of  Type  (III).  The  synthesis  was  based  on  the  Ritter 
reaction,  which  we  had  used  pre\aously  for  the  preparation  of  branched  monoamines  [1,2,4], 


llO-C-(CH.)n— C— OH  CH3CONH-C— (CHo),-C-NHCOCH3 

I  I  H«so.  ,  ••  1 


H 


(!) 


R  R 

(ID 

R 


R  R 

I  I  I 

(:2n5Nn-c-(Cii2)„-c-NHG2H5  r_c_nii-r 

I  I  I 

R 


R  R 

(III) 

where  k  =  cHj,  c,h,;  n  =  2—7. 


(IV) 


The  physiological  activity  of  bis- quaternary  ammonium  salts  depends  in  strength  and  character  in  the  first 
place  upon  the  distance  between  the  nitrogen  atoms.  Therefore,  with  the  aim  of  investigating  the  analogous  depen¬ 
dence  in  our  compounds,  we  synthcsiz.cd  substances  (III)  in  which  tlie  numbe'  of  methylene  groups  (n)  separating 
the  amino  groups  varied  from  2  to  7.  In  this  we  were  limited  to  the  synthesis  of  substances  (III)  with  R=CHj  or 
C2H5,  since  we  had  shown  [1]  that  the  greatest  activity  of  secondary  monoamines  (IV)  is  shown  in  the  case  where 
the  nitrogen  and  adjacent  carbon  atom  carry  methyl  or  ethyl  radicals. 

The  initial  glycols  (I)  were  prepared  from  esters  of  the  corresponding  dibasic  acids  by  the  Grignard  method. 
The  previously  unknown  3,10-dicthyldodecanediol-3,10  was  synthesized  similarly  by  the  interaction  of  diethyl 
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suberntc  with  ethyl  magnesium  hroirido.  By  intcrartic'r,  witli  .u'etor.itrilc  in  the  presence  of  concentrated 
sulfuric  acid,  the  substances  (I)  were  converted  to  diacctyl  derivatives  of  tlie  corrcspcndingdianhne<  (II).  This 
reaction  proceeds  with  satisfactory  yields  and  is  the  first  example  of  ntilivration  of  the  Ritter  reaction  for  synthe¬ 
sis  of  diamines  from  pinacones  fpinacols].  The  Last  stage  of  the  synthesis,  reduction  of  the  diacctyl  derivatives 
by  lithium  aluminum  hydride,  was  rarried  out  in  ether,  and  the  diamines  formed  were  separated  in  the  form  of 
the  dihydrochlorides. 

The  synthesized  diamines  (III)  were  subjected  to  pharmacological  assay  in  the  Department  of  Private  Phar¬ 
macology,  Institute  of  Pliarmacology  and  Chemotherapy,  Academy  of  Medical  Sciences,  USSR.*  All  of  them 
manifested  moderate  ganglion-blocking  action,  the  greatest  activity  being  shown  by  the  dihydrochloride  of  3,8- 
bis(etliylatnino)- ■1,8-dicthyldecanc  (III),  (n  =  4,  R=  Cjlls).  Increasing  or  decreasing  the  number  n  leads  to  a  weak¬ 
ening  of  the  ganglion- blocking  action.  Compounds  (III)  with  R  =  CH3  show  less  activity  than  Compounds  (III)  with 
R=CjH5. 

nx  PERIMHNTA  L 

Initial  Glycols  (I):  3,P-Dicthyloctancdiol- 3,();M.S-diethyldecanediol- 4,8;  3.11  -dicthyllridecanediol- 3,11; 
2.7-dimerhyloctanediol-2.7;  and  2,in-dimcthylundecancdiol-?,10  were  prepared  by  known  methods  [7-10], 

3, lo-Dicthyldodccancdiol- 3.  w.i:  svrlhesi 'ed  similarly  from  di^lliyl  siiherate  and  ethyl  magnesium  bro¬ 
mide.  Yield  8l>,  m.p.  G0-B3'’. 

Found c  74.36.  74.48;  H  13.11.  13.33.  ChjHsPz.  Calculated  70;  C  74.34;  H  13.25. 

t 

N.N’-Diacetyl-g,  u-'-diaminoalkancs  (II).  To  a  mixture  of  0.05  mole  of  glycol  (I)  and  0.15  mole  of  aceto¬ 
nitrile.  stirred  at  a  temperature  not  exceeding  40°,  there  was  added  in  small  portions  0.15  mole  of  987o  sulfuric 
acid.  After  standing  two  days  at  room  temperature,  the  reaction  mixture  was  poured  onto  ice  and  neutralized  with 
lOVo  ammonia.  The  precipitated  crystals  were  filtered  off,  dried,  and  recrystallized  from  ethyl  acetate.  Data  on 
the  N.N* -diacetyl- a, a»-diaminoalkancs  obtained  in  this  manner  arc  shown  in  Table  1. 

TABLE  1.  N.N’-Diacetyl-a  co-diaminoalkanes  (II) 

R  R 

I  ! 

Cn3CONH-C-(CH2)n-C-NlIC(r>CH3 

I  I 

R  R 


Prep. 

No. 

R 

n 

Melting  point 

Empirical  formula 

i 

"/o  N 

Yield, 

''Jo 

Found  ! 

Calc. 

1 

Csllr, 

•) 

222 _ '>'>30 

Cifil  132^^2 ''’^2 

9.00,  10.12 

9.84 

51.5 

n 

C..H3 

4 

102—193 

f^isll3r442^2 

9.30,  9.32 

8.97 

62.4 

.3 

C-.H^ 

6 

155-157 

E'-Sfll  1 1of^2^'2 

7.99.  7.94 

8.23 

59 

4 

Colli, 

7 

148-149 

Coj  H40O2N2 

8.01,  8.00 

7.9 

62 

5 

CFI, 

4 

177-178 

1 0.55,  1 0.65 

10.92 

.53 

6 

CHa 

7 

121-123 

C;,lln4<^2N2 

0.48.  9.5S 

9.38 

60 

Dihydrochlortdes  of  N.N*- Diethyl- «,cj-diaminoalkanes  (III).  To  a  solution  of  0.06  mole  of  lithium  aluminum 
hydride  and  50  ml  of  absolute  ether  there  was  added  0.01  mole  of  the  diacyl  derivative  (II),  and  the  reaction  mix¬ 
ture  was  refluxed  gently  for  1-2  hours.  Then  75  ml  of  407'’  sodium  hydroxide  was  added  (cooling  with  ice),  the 
ether  layer  was  separated,  the  aqueous  layer  was  extracted  several  times  with  etiier,  and  the  combined  ether  extr¬ 
acts  were  dried  with  solid  caustic,  filtered,  and  boiled  down  to  a  volume  of  15-20  ml.  Ethereal  hydrogen  chloride 
solution  was  then  added  until  the  hydrochloride  of  the  diamine  was  completely  precipitated;  the  latter  was  filtered 
off,  washed  on  the  filter  with  ether,  and  reprecipitated  from  anhydrous  alcohol  by  ether.  Data  on  the  substances 
obtained  are  summarized  in  Table  2. 

•  The  authors  express  deep  gratitude  to  D.  A.  Kharkevich,  who  performed  the  pharmacological  study  of  the  di¬ 
amines  and  who  kindly  placed  at  the  authors’  disposal  the  results  of  the  assays. 
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TABLE  2.  N. N'- Diethyl- a, (J-diaminoalkanes  (III) 
R  R 

I  I 

C2Fl5NH-C-(CH2)n-C-NHC2H5  •  2HC1 


R  R 


Prep.  No 

Milting 

point 

Empirical 

formula 

•/o  N 

%  Cl 

Yield, 

% 

K 

n 

Found 

Calc. 

Found 

Calc. 

1 

CAIs 

o 

276° 

8.21,  8.35 

8..50 

20.98,  20.99 

20.92 

46 

2 

(All, 

4 

252— 253 

7.57,  7.52 

7.84 

19..59.  19.44 

19.84 

65 

C.Il., 

(i 

240—242 

7.67,  7.65 

7.26 

18..58,  18.66 

18.39 

70.4 

C.,IK, 

7 

19'.  — 195 

6.74,  6.72 

7.01 

17.69,  17.79 

17.74 

50 

.  1 

Cll:, 

4 

26:) 

Cti  1 1  'inNol 

9.63,  9.74 

9.29 

23.62,  23.65 

23.53 

71.4 

Clla 

7 

248 

Cuh'oN-Ici: 

8.34,  8.12 

8.15 

20.26,  20.34 

20.61 

70 

SUMMARY 

Synthesis  has  been  carried  out  for  diamines  of  the  type  C2H5NHQR)2(CH2)jjC(R)2NHC2H5,  and  the  question 
of  the  dependence  of  their  gangliolytic  activity  upon  structure  has  been  discussed. 
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In  one  of  our  papers  [1]  in  the  instance  of  the  reaction  of  aryl-  1,4-naphthoquinones  with  sodium  cyanide  it 
was  established  that  aryl- 1,4- naphthoquinones  are  a  convenient  subject  for  studying  the  reaction  of  nucleophilic 
addition. 

In  the  present  work  an  investigation  was  made  of  the  interaction  of  aryl- 1,4- naphthoquinones  with  the  sod¬ 
ium  derivatives  of  acetoacetic,  malonic,  and  bcnzoylacetic  esters  and  their  analogs.* 

Tlic  reaction  course  is  analogous  to  that  of  the  condensation  of  aryl- 1,4-naphthoquinones  with  sodium  cya¬ 
nide  and  is  accompanied  by  a  change  of  color  of  the  reaction  solution  from  yellow  to  dark  violet,  which  can  be 
explained  hy  the  formation  of  the  phenolate  of  the  hydroquinone.  The  products  of  the  initial  interaction  of  the 
sodium  enolates  with  the  aryhaphthoquinoncs  (substituted  hydroquinones)  could  not  be  isolated  successfully  in 
pure  form.  However,  upon  passing  air  through  diluted  reaction  solutions,  there  were  obtained  (as  a  result  of  oxida¬ 
tion  of  the  intermediate  hydroquinones)  substituted  2- aryl- 1,4- naphthoquinones  (I-VI)  with  the  radical  of  the 
keto-enol  compound  substituted  at  position  3  of  the  quinone.  Upon  heating  a  reaction  mixture  containing  the 
intermediate  hydroquinone  in  a  solution  of  acetic  acid  with  a  catalytic  quantity  of  sulfuric  acid,  a  derivative  of 
5-hydroxynaphthofuran  ( VII)  is  formed.  Other  derivatives  of  .5-hydroxynaphthofuran  (VIII,  IX)  were  obtained  by 
the  action  of  sulfuric  acid  on  the  hydroquinones  which  were  formed  upon  reduction  of  the  substituted  arylnaphtho- 
quinones  (III,  V)  by  sodium  hydrosulfite.  Under  analogous  conditions  of  treatment,  the  intermediate  hydroquinone 
synthesized  from  2- phenyl- 1,4- naphthoquinone  and  sodiomalonic  ester  forms  2-oxo( 3H)- 5-hydroxy- 4- phenyl- 
naphthofuran  (XI)  [4-phenyl-5-hydroxynaphtho  (1,  2-b)furan-2  (3H)-one].  A  derivative  of  2-oxo(3H)-5-hydroxy- 
3-acetylnaphthofuran  (X)  was  obtained  in  one  of  the  e;  neriments  upon  heating  the  intermediate  hydroquinone 
(obtained  from  2-phenyl- 1,4-naphthoquinone  and  sodioacetoacetic  ester)  with  aqueous  caustic  (Scheme  1). 

From  5-hydroxynaphthofurans  (VII,  VIII,  IX)  by  the  action  of  dimethyl  sulfate  there  were  obtained  derivatives 
of  5-methoxynaphthofuran  (Xn,  XIII,  XIV).  A  2- methyl- 3-carbethoxynaphthofuran  (XII)  was  converted  through 
the  acid  (XV)  to  a  derivative  of  furobenzanthracene  (XVI)  (Scheme  2). 

EXPERIMENTAL 

2- Phenyl- 1,4- naphthoquinone- 3-acetoacetic  Ester  (I).  Sodioacetoacetic  ester  was  prepared  from  13  g  aceto¬ 
acetic  ester  and  2.3  g  sodium  in  50  ml  anhydrous  dioxane.  To  the  resulting  mixture  there  was  added  over  one 
hour  a  solution  of  23.4  g  2- phenyl- 1,4-naphthoquinone  in  50  ml  anhydrous  dioxane,  cooling  with  ice  and  stirring. 
The  reaction  mixture  first  became  dark,  then  acquired  a  violet  color.  After  all  of  the  2-phenyl- 1,4- naphthoquinone 
solution  had  been  added,  cooling  was  discontinued  and  the  reaction  was  continued  for  one  hour  at  room  tempera¬ 
ture.  Then  20  ml  water  was  added  and  air  was  passed  through  the  solution  for  1.5  hours  at  room  temperature.  The 
reaction  solution  was  poured  into  a  mixture  of  300  g  ice,  150  ml  water,  and  12  ml  concentrated  hydrochloric  acid. 
•The  reaction  of  sodium  derivatives  of  malonic  and  acetoacetic  esters  with  p-quinones  containing  other  sub¬ 
stituents  was  studied  in  the  works  of  Smith  and  co-authors;  see  for  example  [2-5]. 
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This  resulted  in  the  precipitation  of  a  gummy  mass.  The  aqueous  layer  was  separated  and  extracted  with  ether. 

The  gummy  residue  was  treated  with  100  ml  ether,  upon  which  part  of  the  material  went  into  solution  and  part 
remained  in  the  form  of  a  powdery  residue.  The  residue  was  separated  out,  and  the  ether  solution  was  combined 
with  the  ether  extract  of  the  aqueous  layer  and  dried  with  magnesium  sulfate.  The  dry  solution  was  left  to  evapo¬ 
rate.  The  crystalline  mass  that  was  formed  was  filtered  (to  remove  resinous  admixtures)  on  a  glass  filter,  washed 
with  15-20  ml  of  alcohol,  and  dried  in  a  vacuum  desiccator  over  phosphorus  pentoxide.  Yield  of  the  quinone 
(I)  12  g  (30^70),  m.p.  118-120'’.  After  recrystallization  from  methanol,  m.p.  121-123*. 

Found  '7.-;  C  73.05,  72.99;  H  5.32,  5.22.  CzzHigOg.  Calculated  1°:  C  72.92;  H  5.01. 

The  erystalline  sediment  obtained  after  treatment  of  the  gumm.y  substance  witii  ether  was  washed  witii 
50*70  alcohol  and  dried  in  a  vacuum  desiccator  over  phosphorus  pentoxide.  Yield  of  the  derivative  of  2-oxo(3H)- 
5-hydroxynaphthofuran  ( X)  1.8  g(5‘7(’),  m.p.  178-180".  After  recrystallization  from  alcohol,  m.p.  182-184*. 

Found  C  75.65.  75.55;  H  4.52.  4.48.  C20HJ4O4.  Calculated  %  C  75.46;  H  4.43. 

The  synthesis  of  oilier  quir.ones  substituted  with  the  radical  of  a  keto-enol  compound  was  carried  out  similar 
ly(see table).  However,  the  derivative  of  2-oxo  (3H)-5-hydroxynaphthofuran  was  not  detected  in  the  other  cases. 

2-Methyl-  3-carbcthoxy-4-phenyl-5-hydroxynaphthofuran  (VII).  For  this  experiment  there  was  taken  2.34  g 
2-phenyl- 1,4-naphthoquinone  in  30  ml  anhydrous  dioxane.  Sodioacetoaeetic  ester  was  prepared  from  1.3  g  aceto- 
acetic  ester  and  0.23  g  sodium  in  20  ml  dioxane.  The  condensation  was  conducted  under  the  conditions  of  the 
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previous  experiment.  The  renction  solution  was  neutralized  witli  tlie  calriilri»'cd  quantity  vaf  hydrochloric  acid. 

Then  the  dioxane  and  water  were  vacuum-distilled  at  50-55*  from  the  solution.  The  gtimmy  residue  was  dissolved 
in  30  ml  98*70  acetic  acid,  and  3-4  drops  of  concentrated  sulfuric  acid  were  added  to  the  acetic  acid  solution. 

The  reaction  mixtiurc  was  refluxed  for  1.5  hours  and  then  diluted  with  an  equal  volume  of  water.  The  oily  layer 
which  separated  was  extracted  with  ether.  The  ether  extract  was  dried  with  magnesium  sulfate  and  the  ether  was 
distilled  off.  The  resulting  caramel-like  mass  was  dried  in  a  vacuum  desiccator  over  sulfuric  acid.  Yield  of  (VII) 
2.1  gfOl'yo),  m.p.  122- 124*  (from  methanol). 

Found  *70;  c  76.56.  76.47;  H  5.40.  5.40.  C22Hi804.  Calculated  *70:  C  76.29;  H  5.23. 

2,4- Diphenyl-  3- carbethoxy-  5- hydroxynaphthofiiran  (VIII).  1  g  of  the  quinone  (III)  was  dissolved  in  ether  and 
reduced  by  agitating  with  an  aqueous  solution  of  sodium  hydrosulfite  (2  g).  Tlie  ether  layer  was  separated  and  the 
ether  distilled  off.  Tlie  resulting  substituted  hydroquinone  was  dissolved  in  15  ml  acetic  acid  and  1-2  drops  of  con¬ 
centrated  sulfuric  acid  was  added  to  the  solution.  Tlicn  the  reaction  and  separation  of  the  material  were  carried 
out  under  the  conditions  of  the  previous  experiment.  Yield  of  (VIII)  0.85  g  {8Blo),  m.p.  128-129'  (from  methanol). 

Found  T/o:  C  79.21,  79.34;  H  5.19,  4.99.  0^7112004.  Calculated ‘7<’:  C  79.39;  H  4.94. 

2-(p-Nitrophenyl)- 3- carbethoxy- 4- phenyl- 5-hydroxynaphthofuran  (IX).  For  experiment  there  was  taken  1  g 
of  the  quinone  (V).  The  synthesis  was  carried  out  under  the  conditions  and  with  the  quantities  of  substances  indica¬ 
ted  for  the  preceding  experiment.  Yield  of  (IX)  0.8  g  (8'^p),  m.p.  226-228*  (from  a  1:4  methanol- dioxane  mix¬ 
ture). 

Found  1c:  C  71.39.  71.47;  H  4.11,  4.29.  C27Hj906N.  Calculated *70:  C  71.51;  H  4.22. 

2-Oxo(  3H)-  5- hydroxy-  3- acetyl-  4- phenylnanhthofuran  ( X).  To  sodioacetoacetic  ester,  prepared  from  22  g 
acetoacetic  ester  and  3.5  sodium  in  80  ml  anhydrous  alcohol,  there  was  added  at  0*  over  one  hour  11.7  g  of  2- 
phenyl- 1,4-naphtlioquinone  in  40  ml  anhydrous  dioxane.  Then  20  ml  water  was  added  and  the  solution  heated  one 
hour  at  40-50*.  The  reaction  mixture  was  poured  onto  ice  and  neutralized  with  the  calculated  quantity  of  dilute 
hydrochloric  acid.  A  gummy  substance  was  separated  from  the  aqueous  layer  by  decantation  and  was  dried  in  a 
vacuum  desiccator  over  phosphorus  pentoxide.  Crystals  of  (X)  were  obtained,  yield  12  gfO.T/f).  m.p.  183-184* 
(from  alcohol).  A  mixed  sample  with  2-oxo(3H)-5-hydroxy-3-acetyl-4-phenylnaphthofuran  (X)  obtained  in  one 
of  the  preceding  experiments  did  not  show  any  melting  point  depression. 

2-Oxo(3H)- 5-hydroxy- 4- phenylnanhthofuran  (XI).  For  the  experiment  there  was  taken  2.34  g  of  2- phenyl- 
1,4- naphthoquinone,  1.7  g  malonic  ester,  0.23  g  sodium,  and  70  ml  anhydrous  dioxane.  The  reaction  and  separa¬ 
tion  of  the  material  were  carried  out  under  the  conditions  of  synthesis  of  the  derivative  of  5-hydroxynaphthofuran 
(VII).  Yield  of  (XI)  1.3  g(507c),  m.p.  195-197*  (from  methanol). 

Found  1c:  C  78.12,  78.23;  H  4.52,  4.44.  CigH^Oj.  Calculated  *70:  C  78.25;  H  4.38. 
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Synthesis  of  Substituted  2-Aryl -1.  4-naphthoquinones 
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benzoylacetic  ester  3-(p“chloroben- 

zoylacetic)  ester 
(VI) 


2-f>!cL:’.yl-  c  .irhorlK^xy- 4- rhorivl-  nu-T.!:o>. ■. ^.ir'  tar  fiiinn  (  XU).  To  a  'i  iij'ion  I'f  '^.Ti  g  of  ii;c  n-hydroxy- 
n.ipiithofiirnn  CVIH  and  10  fnl  dio>anc  tliero  wa'  added  10  nil  2  N  codiinn  I'vdroxj  !c  'ehOMM''  and  e  dmi  ■tl’'.  1 
snifalc.  Tlie  reaction  mixture,  .vas  aeir.atod  for  one  hour  in  a  clo<:ed  container  at  ro'cm  fciupcrafMre,  tlu-r  lil  ted 
with  an  equal  volume  of  water.  The  precipitate  was  filtered  off,  washed  with  water,  and  dried  in  a  vacuum  desicca¬ 
tor  over  phosphorus  pentoxide.  Yield  of  (XII)  3.4  gfOif/V),  m.p.  122-123°  (from  methanol). 

Found  7'’:  C  76.71,  76.8:1;  H  3.70.  3.70.  Calculated  70:  C. 76.66;  H  5.50. 

2,4- Diphenyl- 3- carbethoxy-  5- mcthoxynaphtliofiiran  ( XIII).  For  experiment  there  was  taken  0.82  g  of  the 
5-hydroxynaphthofuran  (VIII),  0.5  g  dimethyl  sulfate,  2  ml  2  N  sodium  hydroxide  solution,  and  2  ml  dioxane.  The 
reaction  and  separation  of  the  material  were  carried  out  under  the  conditions  of  the  preceding  experiment. 

Yield  of  (XIII)  0.8  g  (9l7o),  m.p.  106-107°  (from  methanol). 

Found  7<’:  C  70.70.  79.66;  H  5.46.  5.37.  C28H2204.  Calculated  7'':  C  70.60;  H  5.25. 

2-(p-Nitrophenyl)- 3- carbethoxy  -4-phcnyl-5-mcthoxynaphthofuran  (XIV).  For  experiment  there  was  taken 
0.45  g  of  the  5-hydroxynaphthofuran  (IX),  0.25  g  dimethyl  sulfate,  1  ml  2  N  sodium  hydroxide  solution,  and  1  ml 
dioxane.  Tlic  reaction  and  separation  of  material  were  carried  out  as  previously.  Yield  of  (XI\0  0.4  g  (877->). 
m.p.  •’01-202’ f  from  1:1  methanol -dioxane  mixture). 

Found  7’:  C  71.76.  72.06;  H  4.58,  4.67.  C23H2,Ofi>-'-  Calculated  7':  C  71.94;  H  4.53. 

2-Mettiyl-3-carhoNy-4-p!!cnyl-5-n;othoxynaphthcfur.in  (XV).  '1. 6  g  of(.\II)  was  refluxed  four  liours  with 
alcoholic  caustic,  prepared  from  2  g  sixlium  liydroxide  and  3'  alcohol.  Then  the  reaction  mixture  was  diluted 
with  two  volumes  of  water  and  the  ester  (XII)  was  filtered  off.  From  the  filtrate,  the  alcohol  was  distilled  off  and 
the  acid  (XV)  was  recovered  upon  acidification  witli  hydrochloric  acid  (to  acidic  reaction  with  Congo  red).  Yield 
of (XV)  2  g,  m.p.  214-216°  (from  607'’  acetic  acid). 

Found  7<>:  C  75.81,  75.98;  H  4.97,  5.01.  C2iHie04.  Calculated  7o:  C  75.89;  H  4.85. 

5-Oxo-i)-iiiethyl- 12-mcthoxy-5- p-furo(2.3.4  g  h)-hcn7.-(  1,2  a)- anthracene  (XVI).  To  a  solution  of  3  g 
thionyl  chloride  in  :l(»  ml  carbon  tetrachloride  tlicre  was  added  1,6  g  of  the  acid  (XV);  the  resulting  suspension 
was  heated  to  in"  and  stirred  until  all  of  the  acid  (XV)  dissolved,  Tlie  solution  was  cooled  to  0°  and  there  was 
added  to  it  in  small  portions  a  suspension  of  1.4  g  aluminum  chloride  in  20  ml  carbon  tetrachloride.  Then  the 
reaction  mixture  was  held  one  hour  at  0°  and  three  hours  at  room  temperature.  The  reaction  solution  was  poured 
into  a  mixture  of  ino  ml  water  and  100  g  ice,  and  dilute  hydrochloric  acid  was  added  up  to  acidic  reaction  with 
Congo  red.  The  carbon  tetrachloride  layer  was  separated  and  washed  several  times  with  water  and  with  sodium 
carbonate  .solution.  The  solution  of  the  ketone  (XVT)  in  carbon  tetrachloride  was  dried  with  magnesium  sulfate 
and  the  solvent  was  removed  by  vacuum  distillation.  The  dry  residue  was  rccrystallizcd  from  methanol.*  Yield 
of  ketone  0.5  g,  m.p.  174-176°  (after  two  rccrystallizations  from  methanol). 

Found  7<':  C  70.63,  79.83;  H  4.58,  4.39.  C2, 11,403.  Calculated  7<’:  C  80.24;  H  4.49. 

SUMMARY 

1.  A  study  has  been  made  of  the  reaction  of  aryl- 1,4- naphthoquinones  with  sodium  derivatives  of  aceto- 
acetic  and  malonic  esters  and  their  analogs.  On  the  basis  of  this  reaction  a  preparative  method  has  been  developed 
for  the  synthesis  of  2-aryl- 1,4- naphthoquinones  substituted  in  the  3- position  by  the  radical  of  tlie  keto-enol  com¬ 
pound. 

2.  It  has  been  shown  that  the  substituted  hydroquinones  obtained  as  a  result  of  tlie  interaction  of  arylnaphtho- 
quinones  with  sodium  acetoacetic  ester  and  its  analogs,  or  by  reduction  of  the  corresponding  quinones,  are  readily 
converted  to  derivatives  of  5-hydroxynaphthofuran  and  2-oxo(3H)-5-hydroxynaphthofuran. 
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*In  the  recrystallization  process.  0.9  g  of  the  initial  acid  (XV)  was  recovered, 
•  ’Original  Russian  pagination.  Sec  C.  B.  translation. 
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In  previous  papers  we  showed  that  p-benzoquinone  reacts  with  an  imine  of  acetylacctone  to  give  a  mixture 
of  2-methyl-3-acetyl-5-hydroxyindolc  and  2-methyl-3-acetyl- 5-hydroxybenzofuran  [1],  and  that  p-benzoqul- 
none  with  N-alkyl  imines  of  acctylacetone  gives  derivatives  of  benzofuran  [2].  Condensation  of  p-benzoqulnone 
with  an  N-phenylimine  of  acetylacetone  gives  only  a  derivative  of  5-hydroxylndole  [3]. 
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TABLE  2.  Synthesis  of  Derivatives  of  5-Methoxybenzofuran,  5-Methoxyindole,  5-Me:hoxynaphthofuran  and  5-Methoxybenzindole 
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lliccc  results  niay  be  explained,  as  shown  in  the  sclicrne  presented  in  our  paper  [1],  by  the  tenuenev  ct  ::ie 
intermediate  hydroquinoncs  to  cnoliiie  in  two  directions. 

The  present  study  concerns  the  reaction  of  N-incthyl-and  N-phenylimines  of  acetylacetone  with  substituted 
p-quinones-o-xyloquinone.  2.3-dichloroquinone.  and  also  a- naphthoquinone,  and  it  was  shown  that,  depending 
upon  the  nature  of  the  substituent  in  the  quinone  nucleus,  either  a  derivative  of  benzofuran  (I)  or  substituted  indoles 
(II,  III)  are  formed  (see  scheme  above). 

If  the  intermediate  hydroquinone  contains  negative  substituents  (R  =  Cl),  then  the  reaction  is  independent  of 
the  nature  of  the  substituent  on  the  imine  nitrogen  and  a  benzofuran  (I)  is  formed.  If  the  substituents  in  the  inter¬ 
mediate  hydroquinone  enrich  the  nucleus  with  electrons  (R  =  CH3).  the  strength  of  the  carbon- oxygen  bond  is  de¬ 
creased.  In  this  case  water  is  split  off  and  derivatives  of  indole  (II,  III)  are  obtained. 

Condensation  of  a-naphthoquinone  with  acetylacetone  N-methylimine  gave  a  mixture  of  l,2-dimethyl-3- 
acctyl-5-hydroxybenzindole  (TV)  and  2-methyl-3-acetyl-5-hydroxynaphthofuran  (V),  but  when  a-naphthoquinone 
was  reacted  with  acetylacetone  N-phenylimine  only  a  derivative  of  indole  (\T)  was  obtained. 

Consequently,  the  direction  of  the  condensation  reaction  between  p-quinones  and  acetylacetone  imines  de¬ 
pends  upon  the  nature  of  the  sub'-tituents  in  the  quinone  nucleus  and  on  the  imine  nitrogen. 
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(IV)  R,  rrrCH,. 
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In  the  present  study  we  found  the  optimum  conditions  for  the  reaction  between  p-benzoquinone  and  acetyl¬ 
acetone  N-phenyliminc;  l-phcnyl-2-methyl-3-acctyl-5-hydroxyindole  (VII)  was  obtained  in  a  yield  of  537(’. 
Condensations  of  other  p-quinones  with  imines  of  acetylacetone  were  carried  out  under  the  conditions  used  for 
reacting  p-bcnzoquinonc  with  acetylacetone  N-phenylimine. 


All  the  derivatives  obtained  of  S-hydroxybenzofuran  (1).  5-hydroxyindole  (II.  Ill),  3-hydroxynaphthofuran  ( V). 
and  5-hydroxybenzindole  (IV,  VI)  were  treated  with  dimethyl  sulfate  to  give  the  corresponding  5-methoxy  deriva¬ 
tives  (VIII- XTII).  The  methyla'iion  was  carried  out  under  conditions  described  in  one  of  our  previous  papers  [4]. 


EXPERIMENTAL 


1- Phenyl- 2- methyl- 3- acetyl- 5-hydroxyindole  (VII).  A  mixture  of  44.7  g  of  acetylacetone  N-phenylimine 
and  100  ml  of  dichloroethane  was  placed  in  a  Wurtz  flask.  The  resulting  solution  was  heated  on  a  water  bath,  and 
to  it  was  added  a  solution  of  21.6  g  of  p-benzoquinone  in  500  ml  of  dichloroethane  in  the  course  of  1.5  hours  by 
means  of  a  dropping  funnel.  During  this  process  dichloroethane  distilled  off  as  an  azeotropic  mixture  with  water, 
and  560-580  ml  of  the  azeotrope  was  collected  in  2  hours.  The  residue  was  cooled  in  a  refrigerator,  and  the  crys¬ 
tals  which  formed  were  filtered  off  and  washed  with  ether.  The  yield  of  indole  (VII)  was  28.6  g(53®7o)  with  m.p. 
233-234’  (from  dioxane);  the  literature  gives  the  m.p.  as  232-233’  [3]. 

Condensation  of  other  p-quinones  with  acetylacetone  imines  was  carried  out  in  a  similar  way  (see  Table  1). 
The  products  were  methylated  as  described  in  one  of  our  papers  [4],  and  the  results  are  presented  in  Table  2. 

SUMMARY 

The  reaction  between  p-quinones  and  acetylacetone  imines  was  studied.  It  was  shown  tliat  this  reaction 
follows  different  courses  depending  upon  the  nature  of  the  substituents  in  the  quinone  nucleus  and  on  the  imine 
nitrogen,  with  the  result  that  either  derivatives  of  indole  or  substituted  benzofurans  are  formed. 
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STUDIES  IN  THE  FIELD  OF  THE  QUINONES 
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OF  CHin.INTSFiV 

A.  N.  Grinev.  V.  L.  Florent'ev.  and  A.  P.  Terent'ev 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  7,  pp.  2316-23n, 
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V.  V.  Chelintsev  fll  when  broniinating  the  "acid  complexes"  formed  by  solution  of  p-ben/oquinone  in 
excess  concentrated  hydrochloric  and  hydrobromic  acids  obtained  a  product  of  addition  of  bromine  to  p-benzo- 
quinonc  dibromide.  We  wished  to  use  this  compound  for  preparation  of  2,3-dibromo- p-benzoquinone. 

When  we  repeated  the  synthesis  of  the  quinone  dibromide  under  the  conditions  and  with  the  amounts  of 
substances  reported  in  the  work  of  V.  V.  Chelintsev  [IJ,  we  obtained  in  the  bromination  of  p-ben/oquinone  in 
hydrochloric  acid  2-chloro  S-bromohydroquinone,  and  when  we  carried  out  the  reaction  in  hydrobromic  acid, 
we  obtained  2,.'i-dibromohydroquinone.  Hence,  the  bromination  of  p-benzoquinone  in  solutions  of  hydrochloric 
and  hydrobromic  acids  occurs  through  the  stage  of  formation  of  chlorobromohydroquinone  by  tlie  usual  scheme. 
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As  a  result  of  the  oxidation  of  2-chloro- 5-bromohydroquinone  and  2,5-dibromohydroquinone  by  potassium 
bromate  we  obtained  2- chloro-b-bromo- p-benzoquinone  and  2, 5-dibromo- p-benzoquinone. 

EXPERIMENTAL 

2-Chloro-bromohydroquinone.  We  dissolved  10.8  g  of  p-benzoquinone  in  135  ml  of  concentrated  hydro¬ 
chloric  acid.  To  the  resulting  solution,  with  stirring,  we  added  16  g  of  bromine  dropwise.  The  resulting  precipitate 
was  filtered  off  and  washed  with  water.  Yield  of  2-chloro- 5-bromohydroquinone  17.7  m.p.  170- nr 

(from  aqueous  methanol).  According  to  the  literature  [2],  m.p.  171- 172“. 

2,5-  Dibromohydroquinone.  From  10.8  g  of  p-benzoquinone  and  16  g  of  bromine  in  170  ml  of  concentrated 
hydrobromic  acid  under  the  conditions  of  the  previous  experiment  we  obtained  20  g  (75'7f)  of  2,5-dibromohydro¬ 
quinone  with  m.p.  185-186“  (from  aqueous  methanol).  According  to  the  literature  [3],  m.p.  186“. 

2-Chloro-5-bromo-2-henzoquinone.  We  dissolved  2.23  g  of  2-chloro- 5-bromohydroquinonc  in  10  ml  of 
dioxane.  To  the  resulting  solution,  with  stirring,  we  added  1.5  ml  of  1  N  sulfuric  acid  and  1.7  g  of  potassium 
bromate  in  17  ml  of  water.  The  reaction  temperature  of  the  mixture  was  kept  at  50-60’.  The  precipitate  of  the 
quinone  was  filtered  off  and  washed  with  water.  Yield  of  2-chloro- 5-bromo-p-benzo()uinone  2.1  g(06^'-).  m.p. 
174-17.5“  (from  methanol).  According  to  the  literature  [2],  m.p.  175“. 
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2,5-Dlbromo-p-benzoqulnone.  Under  the  conditions  of  the  previous  experiment  we  obtained  from  4.1  g  of 
2,5-dlbromo-p-benzoquinone  with  m.p.  188-189*  (from  methanol).  According  to  the  literature  [4],  m.p.  188*. 

SUMMARY 

We  have  showed  that  in  the  bromlnatlon  of  p-benzoqulnone  in  solutions  of  hydrochloric  and  hydrobromlc 
acids  by  the  method  of  Chcllntsev  there  is  formed  not  a  quinone  dibromide,  but  2-chloro-5-bromohydroqulnone 
and  2,5-dlbromohydroquinone. 
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In  our  laboratory  we  have  recently  synthesized  a  number  of  substituted  amides  and  hydrazidcs  of  dialkythio- 
phosphoric  acid  fl],  some  of  which  were  found  to  be  sufficiently  active  systemic  insecticides  [2].  In  connection 
with  the  study  of  the  relation  between  structure  and  insecticidal  activity  of  organic  phosphorus  compounds  and 
the  search  for  new  active  insecticides  it  seemed  interesting  to  synthesize  the  hydrazides  of  alkyl  aryl  thiophos- 
phoric  acids  also,  since  in  many  cases  the  replacement  of  an  aliphatic  radical  by  an  aromatic  one  in  different 
derivatives  of  thiophosphoric  acid  leads  to  a  considerable  change  in  insecticidal  properties. 

The  synthesis  of  hydrazides  of  alkyl  aryl  thiophosphoric  acids  was  carried  out  by  the  reaction  which  we 
have  recently  described  of  alkyl  aryl  chlorothiophosphates  [9]  with  hydrazine  hydrate  and  phenylhydrazine  in 
ether. 


RO.  no., 

>PSCI  4-2Nn2-NIIR'  PS.MI-NHIV  L  R'NII-Nlla  •  IICI  . 

VrO^  ArO^ 


This  reaction  takes  place  very  easily  and  the  corresponding  hydrazides  are  formed  in  good  yields.  The  com¬ 
pounds  which  we  obtained  and  their  properties  are  given  in  the  table.  Most  of  the  compounds  which  we  synthe¬ 
sized  are  not  described  in  the  literature,  and  only  two  of  them  have  very  recently  been  described  in  patents  [4, 

5].  Study  of  these  synthesized  compounds  as  contact  insecticides  was  carried  out  by  P.  V,  Popov  and  S.  A.  Ros- 
lavtseva  on  rice  weevils  and  showed  that  they  had  very  weak  activity. 

EXPERIMENTAL 

In  a  flask  with  reflux  condenser,  dropping  funnel,  and  mechanical  stirrer  with  a  seal  we  placed  a  solution 
of  the  alkyl  aryl  chlorothiophosphatc  (9.1  mole)  in  200  ml  of  ether,  and  we  added  gradually  with  good  stirring 
hydrazine  hydrate  of  phenylhydrazine  (0,2  mole).  Addition  of  hydrazine  was  carried  out  at  20"  and  the  tempera¬ 
ture  then  fell  3-7".  After  addition  of  the  hydrazine,  the  reliction  mass  was  kept  at  20*  for  2-4  hours  and  at  35’ 
for  two  hours.  Then  the  reaction  mixture  was  washed  with  water  to  remove  hydrazine  hydrocliloride,  the  ether 
solution  was  dried  and  the  ether  was  distilled  off  on  the  water  bath.  Tire  crystalline  residue  was  purified  by  re¬ 
crystallization  from  ether,  ligroin,  or  alcohol  or  mixtures  of  these  solvents.  The  resulting  compounds  and  their 
properties  are  given  in  the  table. 

SUMMARY 

In  order  to  study  the  relation  between  structure  and  insecticidal  activity  of  different  derivatives  of  thio¬ 
phosphoric  acid  and  to  search  for  new  insecticides,  we  synthesized  a  series  of  undesenbed  hydrazides  and  plienyl- 
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hyclrazldes  of  alkyl  aryl  thiophosphoric  acids.  All  the  compounds  synthesized  were  very  weak  contact  Insecticides. 


Properties  of  Alkyl  Aryl  Thiophosphoric  Acid  Hydra zides 


Yield. 

M.  p. 

•/.  P 

N 

Formula 

% 

Found 

Calc. 

Found 

Calculated 

C.H,0^ 

I’SNH-NH,* 

78 

14.15, 

14.20 

12.44 

12.83 

CH.O" 

C,H,0^ 

,PSNH-Nn,** 

85 

13.66 

13.28 

13.26 

11.64 

12.07 

(4)  0,NC,H.O^ 

rSNH-NH, 

68 

lOfP 

11.65 

11.78 

15.99,  15.88 

15.96 

CHjO 

(4)  O.NC.H.O^ 

I’SNH-NH, 

6.3 

80 

11.25 

11.20 

15.20.  15.27 

15.16 

c,n,o^ 

(4)  0,NC.H,OI-S(NH-NH,), 

90 

142 

11.26 

11.78 

46.65 

26.66 

2.4-Cl,C,n30^ 

rSNH-NH,*** 

91 

10.16 

10.30 

9.34,  9.13 

9.30 

,rsN!t-Nnc,Ht 

42 

SO 

10.86 

10.82 

9.37,  9.24 

9.52 

cn,o ' 

r.SNH-NIlC.H. 

35 

57 

10.00 

10.05 

9.09,  8.80 

9.09 

c,n,o^ 

(4)  0,NC,TI.O^ 

^PSNU-.MIC.Hj 

73 

125-127 

9.30 

9.15 

12.29,  12.23 

12.39 

cn,o' 

(4)  OjNCfH.O^ 

P.SN11-Nnc,iu 

65 

68 

9.30 

8.80 

12.00,  12.01 

11.90 

c,n,o'^ 

2,4,5-ChC,H,0^ 

.PSNII-NHCeH. 

CjH.O^ 

2.4-Cl,C,II,0^ 

/PSNH-NIIC,Hj 

(4)  0,NC,II.OPS(Nn-NHC,IU), 

59 

108—110 

7.30 

7.54 

7.30 

6.82 

81 

62 

7.90 

8.22 

7.60 

7.43 

87 

176 

7.01 

7.47 

16.73,  16.55 

16.86 

*  Does  not  distill  at  0.01  mm.  After  distillation  of  the  light  fraction  in  a  high 
vacuum,  1.3114,  n^  1.5875. 

•*B.  p.  147-150*  (0.3  inm),  d/®  1.2242,  ng  1.5600. 

•••  Does  not  distill  without  decomposition  at  0.01  mm.  After  distillation  of  the 
light  fraction  in  a  high  vacuum,  d/®  1,4174,  n^  1.5852, 

LITERATURE  CITED 

1.  N.  N.  Mel’nikov  and  A.  G.  Zen’kevich,  Zhur.  Obshch.  Khim.  828  (1955).* 

2.  A.  G.  Zen’kevich,  N.  N.  Mel’nikov,  E.  A.  Pokrovskii,  and  A.  S.  Sedykh,  Trudy  NIUIF  158,  51  (1958). 

3.  N.  N.  Mel'nikov,  Ya.  A.  Mandel’baum,  Z.  M.  Bakanova,  and  P.  G.  Zaks,  Zhur.  Obshch.  Khim.  29.  3286 

(1959).* 

4.  U.  S.  Patent  2855423;  Chem.  Abs.  M,  4211  (1959). 

5.  U.  S.  Patent  2855424;  Chem.-  Abs.  53,  4211  (1959). 


•Original  Russian  pagination.  See  C.  B.  translation. 


2299 


ORGANIC  INSECTOFUNGICIDES 

LVL.  THE  REACTION  OF  BIS(  DIALKOXYTHIOPHOSPHONIUM)-DISULnDES  WITH  TRIARYL- 
AND  DIARYLPHOSPHITES 

N.  N.  Mel’nikov,  K.  D.  Shvetsova-Shilovskaya.  and  M.  Ya.  Kagan 

Scientific  Institute  for  Fertilizers  and  Insectofungicidcs,  Moscow 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  '^0.  No.  7,  pp.  2r)19-2S22, 

July.  1060 

Original  article  submitted  July  11,  1959 


We  recently  showed  [1]  that  in  the  reaction  of  trialkylphosphites  with  bis(dialkoxythiophosphonium)-di- 
sulfides  we  obtained  good  yields  of  trialkyldithiophosphates  and  tetraalkyldithiopyrophosphates,  whose  formation 
evidently  occurs  through  the  Arbuzov  rearrangement.  The  reaction  of  trialkylphosphites  with  some  other  disulfides 
[2-4]  and  thiocyanates  [5,6]  proceeds  in  an  analogous  way.  However,  in  one  case  there  occurs  formation  of  thiol- 
phosphates  and  in  the  other  of  thionephosphates.  VVhen  we  analyze  the  existing  material  we  can  conclude  that 
thionephosphates  are  obtained  In  those  cases  where  the  original  trialkylphosphite  contains  a  comparatively  high- 
molecular-weight  ester  group  with  slight  mobility,  and  especially  with  aromatic  radicals,  since  in  esters  the 
latter  are  less  easily  replaced  by  other  groups.  In  order  to  confirm  this  idea,  we  felt  it  would  be  interesting  to 
study  the  reaction  of  bis(dialkoxythiophosphonium)-disuIfides  with  triarylphosphites  since  because  of  the  slight 
ability  to  migrate  of  aromatic  radicals  In  the  case  mentioned  we  should  obtain  practically  only  triarylthiophos- 
phates  and  tetraalkylirithiopyrophosphates. 

As  a  result  of  carrying  out  the  reaction  we  succeeded  in  showing  that  the  reaction  of  triarylphosphites  with 
bls(dialkoxythiophosphonium)  disulfides  occurs  almost  entirely  by  scheme  (1)  and  forms  good  yields  of  triaryl- 
thiophosphatcs  and  tetraalkyltrithiopyrophosphates: 

1(R0)2P(S)]2S2 -}- (ArOaP  —  (RO)2^^S-^OR)2 (ArOJaPS. 


Evidently  there  first  occurs  formation  of  unstable  addition  products  which  are  then  decomposed  according 
to  scheme  (2) 

/SP(S)(0R)2 

(ArO)3P<  —  (RO)2P-S-P-(OR)2-f  (ArOJaPS. 

\SP(S)(0R)2  (2) 


In  the  case  of  trialkylphosphites,  decomposition  occurs  according  to  scheme  (3). 


/SP(S)(0R)2  Z' 

(R'0)aP<  — (ROJzP— S-P(OR')2-f  (ROJzP-SR'.  (3) 

\SP(S)(0R)2 


The  reaction  of  triarylphosphites  with  bis(dialkoxythiophosphonium)-disulfides  is  a  good  process  for  obtain¬ 
ing  tetraalkyltrithiopyrophosphates.  The  compounds  which  we  obtained  and  their  properties  are  given  in  the  table. 
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In  order  ro  confirm  onr  remits  by  another  example  we  also  stiidied  the  reaction  of  bisldia iho:  vli:i  no? 
phonimn)-disnlfidcs  with  diarylphosphitcs.  As  expected,  the  reaction  of  bis(dia!koxythiophosphoiiium)-distilfidcs 
with  diarylphospliitcs  occurs  by  a  different  path  than  with  dialUylphosphites.  If  the  chief  protiuct  in  the  reaction 
with  dialkylphosphites  is  trialkyldithiophosphate  (I),  with  diarylphosphitcs. bis(dialkoxythiophosphonium)  disulfide 
gives  tctraalkyltrithiopyTophosphates  and  salts  of  dialkyldithiophosphoric  acid.  In  its  general  form  this  reaction 
can  be  represented  by  scheme  (4). 


•S 


l(nO)2P(S)l2S2-f  (ArO).,I’ONa  — *  (ROl.P-S-F'fOnia + 


-t  (RO)2l’-SNa  -f 
[(Ar0)2P-0— PfOAr), 


.0 


(Ar0)2P-0-P(0Ar)2l 


(ArO)3P=S  4-  ArO-P(< 


(4) 


Tlic  formation  of  triarylthiophosphates  can  be  explained  by  a  disproportionation  reaction  which  is  often 
found  for  esters  of  acids  of  phosphorus  [71. 

EXPERIMRNTAL 

1.  Reaction  of  triarylphosphites  with  bis(dialkoxythiophosphonitim)-disulfides.  In  a  flask  with  a  reflux  con¬ 
denser.  mechanical  stirrer,  and  dropping  funnel  was  placed  8.5  g  of  bis(diisopropyloxythiophosphonium)-disulfide 
and  AO  ml  of  anhydrous  benzene.  To  the  resulting  solution  was  gradually  added  6.2  g  of  triphcnylphosphite.  The 
temperature  increased  by  10-15*.  Then  the  reaction  mixture  was  boiled  for  three  hours  on  a  water  bath.  After 
the  reaction  had  ended  the  benzene  was  distilled  off  and  the  residue  was  distilled  in  a  vacuum.  We  obtained  two 
fractions:  the  first  with  b.p.  107- 108°  (0.08  mm).  d4^*'  1.1081,  np^'’  1,5120.  Yield  6.8  g  (86*70). 

Found"':  P  15.75.  15.50.  C,2H28C)4P2S3.  Calculated  *70  ;  p  15.70. 

Tlic  second  fraction  had  b.p,  160-162“  (0.08  mm),  m.p.  48-49*  (from  anhydrous  alcohol).  Yield  5.75  g 

(8f7o). 

Found  *70:  P  0.09.  8.89.  CigHist'tgPS.  Calculated  P  9.04. 

According  to  [8,9],  triphenyltliiophosphatc  has  m.p.  48*. 

Ilndci  exactly  the  same  conditions  we  carried  out  the  reaction  with  the  other  compounds;  the  results  of 
these  experiments  arc  given  in  the  table. 

2.  Reaction  of  bis(dial!<ONythiophosphonium)-disulfiJc  with  dinhenylpho'^pbitc.  The  recpiircd  dipb.cnylphos- 
phitc  was  obtained  by  the  method  of  [10].  To  7  g  of  freshly  distilled  diphenylphosphite  in  30  ml  of  benzene  was 
added  0.66  g  of  metallic  sodium,  and  the  reaction  mixture  was  boiled  in  a  flask  with  a  reflux  condenser  until 
all  the  sodium  had  been  converted  into  the  salt  of  diphenylphosphorous  acid  (1-1.5  hours),  and  then  the  reaction 
mixture  was  treated  with  7.8  g  of  bis(dimethoxythiophosphonium)-disulfide  in  20  ml  of  anhydrous  benzene  at 
40-50*.  The  reaction  mixture  was  boiled  for  three  hours  under  reflux  with  good  stirring.  At  the  end  of  the  reaction 
the  precipitate  was  filtered  (4.6  g),  the  benzene  was  distilled  off,  and  the  residue  was  fractionated  in  a  vacuum. 

We  obtained  two  fractions. 

The  first,  tctramethyltrithiopyrophosphate,  b.p.  114-115’ (0.1  mm).  Yield  3.25  g  (92 ‘7o).d4°  1.3321,  m.p. 
33-34*. 

Found  *7^:  P  21.20,  21.07.  C4Hi204P2S3.  Calculated  %.  P  21.95. 

Tlie  second,  triphenylthiophosphate,  b.p.  148-152*  (0.05  mm),  m.p.  48-49*.  A  sample  mixed  with  pure 
triphcnylthiophosphatc  obtained  by  another  method  gave  no  depression  of  the  melting  point.  The  yield  was  practi¬ 
cally  quantitative. 

Found '7o:-P  9.30.  9.36.  C,8H,s03PS.  Calculated  ‘7<’:  P  9.04. 

Tlie  precipitate,  washed  with  benzene,  was  dissolved  in  water  and  treated  with  an  aqueous  solution  of  lead 
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sail  of  dimcthyldithiopliosplioric  acid.  After  tiic  salt  had  been  recry.-tallized  from  alcohol,  it  melted  at  123-123*. 

A  sample  mixed  with  pure  lead  salt  of  dimethyldithiophosphoric  acid  obtained  from  sodium  dimethyldithiophos- 
phate  gave  no  melting  point  depression. 

Found C  3.51,  9.80;  H  2.88,  2.85;  S  24.44.  24.84.  C4Hi204P2S4pb.  Calculated  <70;  C  9.21;  H  2.31;  S 

24.59. 

This  salt  has  not  been  described  in  the  literature.  The  yield  was  practically  quantitative.  In  order  to  identify 
the  phenylmctaphosphate  portion,  the  salt  was  treated  with  nitric  acid.  As  a  result  of  this  treatment,  we  obtained 
p-nitrophenol  after  hydrolysis. 

Under  analogous  conditions  we  carried  out  the  reaction  of  bis(dietho.xythiophosphonium)- disulfide  with 
sodium  diphenylphosphite.  The  yield  of  tetraethyltrithiopyrophosphate  was  90*70.  M.p.  39.5*. 

Found  1o:  p  18.41.  18.47.  CgH2o04S3P2.  Calculated  <7o:  P  18.36. 

The  yield  of  triphenylthiophosphate  was  73*70.  M.p.  48-49*.  Yield  of  lead  salt  92*70.  M.p.  74*  [11], 

SUMMARY 

We  have  studied  the  reaction  of  triaryl-  and  diary Iphosphites  with  bis(dialkoxythiophosphonium)-disulfide8. 
We  have  shown  tliat  the  chief  reaction  products  of  the  reaction  of  triarylphosphites  with  bisfdialkoxythiophos- 
phonium)-disulfides  are  tetraalkyltriihiop)Tophosphates  and  triarylthiophosphates.  The  diarylphosphites  with  the 
disulfides,  besides  this. form  salts  of  dialkyldithiophosphoric  aeid  and  meta phosphate.  We  have  shown  that  the 
direction  of  the  reaction  of  triarylphosphites  and  trialkylphosphites  with  bis(dialkoxythlophosphonium)-disulfides 
is  related  to  tire  mobility  of  the  ester  radical. 
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The  method  which  we  previously  worked  out  [1-3]  for  preparing  5-halofurfurols  X-fCjHjOl-A  (I,  A=CHO: 
X=C1.  Br,  I)  has  permitted  using  them  as  a  basis  for  obtaining  not  only  different  2-vinylated  o-halofurans  [2-6], 

II  Cl 

whereA  — CII  =  C  ,  CH  =  C  ClI  =  CHCOOH,  CII  =  CIlCOn  and  others  (ketonic  condensation^,  but  also, 

\  \ 

NO,  NO, 

by  exchange  of  the  halogen  in  the  latter, to  obtain  various  5-substitutcd  furan  derivatives  (X=I,  NOj,  CN,  SCN, 

OR.  OAr  etc.). 

Tire  5-halofurfurol  which  we  synthesized  can  easily  be  transformed  by  the  Cannizzaro  reaction  into  5-halo- 
furan  carboxylic  acid.  This  reaction  is  of  real  value  for  obtaining  the  5-chIoro-[7]  and  especially  the  5-iodofuran 
carboxylic  acid  [2]  which  are  difficult  to  get  by  other  methods,  for  the  direct  halogenation  of  furan  carboxylic 
acid  is  of  value  only  in  obtaining  5-bromofuran  carboxylic  acid  [8J. 

The  purpose  of  our  work  is  to  explain  the  mobility  of  the  halogen  in  our  5-halofuran  carboxylic  acids  and 
their  derivatives 


0 

X  =  (C,1I,0)-C^  (II,  X  =  Br,  I;  B  =OH,  OR,  Cl,  Nil,,  .NHAr) 

\ 

B 

and  to  compare  this  with  the  mobility  of  halogens  in  other  5- bromo- substituted  furans  [2,4-6],  For  this  reason  we 
synthesized  the  5-halofuran  carboxylic  acids  (11,  B=OCH3,  Cl,  NH,,  NHAr;  X=Br,  I  -,  Ar=C6H5,  C6H4OCH3). 

5-Iodofuran  carboxylic  acid,  which  could  not  be  obtained  by  direct  iodination  (the  literature  contains  no 
mention  of  its  derivatives)  was  obtained  by  the  Cannizzaro  reaction  [2].  By  heating  5-iodofuran  carboxylic  acid 
with  SOCI2  we  obtained  the  acid  chloride.  When  this  was  treated  with  a  concentrated  aqueous  solution  of  ammonia, 
we  easily  obtained  the  amide  (II.  B=NH2.  X=l).  with  aromatic  amines,  the  corresponding  anilide  (II,  B=NHAr, 

X=I).  By  treatment  with  methanol  we  obtained  the  methyl  ester  (II,  B=OCH3.  X=I)  and  when  the  acid  chloride  was 
heated  with  a  solution  of  sodium  in  methanol,  we  obtained  besides  the  methyl  ester  of  5-methoxyfuran  carboxylic 
acid  (III)  also  5-mcthoxyfuran  carboxylic  acid  (IV).  Both  the  latter  compounds  have  been  described  in  the  litera¬ 
ture  [10].  When  it  is  boiled  with  water  or  dilute  alkali,  the  acid  chloride  is  completely  hydrolyzed  with  forma¬ 
tion  of  5-iodofuran  carboxylic  acid.  We  have  shown  that  the  methoxy  derivatives  (III  and  IV)  can  be  obtained 
only  by  heating  the  methyl  ester  of  5-iodofuran  carboxylic  acid  with  sodium  methylate, 

5-Bromofuran  carboxylic  acid  was  obtained  by  us  by  a  somewhat  modified  method  [8]  of  direct  bromination 
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of  the  furan  carboxylic  acid  with  a  yield  of  I3lc,  and  from  it  we  prepared  the  acid  chloride  [9],  methyl  ester,  and 
undescribcd  anilide.  When  the  acid  chloride  of  5-bromofuran  carboxylic  acid  was  heated  with  Nal  in  anhydrous 
acetone  there  occurred  only  the  formation  of  b-bromofuran  carboxylic  acid  acid  iodide;  here  bromine  did  not 
enter  into  an  exchange  reaction.  We  did  not  succeed  in  our  attempt  to  replace  bromine  by  iodine  in  5-bromo- 
furan  carboxylic  acid  and  its  methyl  ester  by  analogy  with  replacement  of  bromine  by  iodine  in  the  methyl  ester 
of  5-bromofurylacrylic  acid  [4].  Neither  does  replacement  of  bromine  by  iodine  occur  In  the  anilide  of  5-bromo’ 
furan  carboxylic  acid. 

Tliese  facts  indicate  the  lower  mobility  of  bromine  in  derivatives  of  S-bromofuran  carboxylic  acid  (acid 
chloride,  anilide,  and  methyl  e'^^ter)  under  nucleophilic  attack  by  alkali  iodides  as  compared  to  the  mobility  of 
bromine  in  the  methyl  ester  of  5-bromofurylacrylic  acid  [4].  However,  bromine  in  derivatives  of  5-btomo  and 
5-iodofuran  carboxylic  acid  can  be  replaced  by  the  methoxy  group  under  the  action  of  a  solution  of  sodium  methy¬ 
late  in  methanol. 

Tlius,  the  success  of  the  exchange  reaction  of  halogen  depends  not  only  on  the  relative  mobility  of  the 
halogen  in  the  5- position  of  the  furan  ring  (I)  and  the  conditions  of  the  reaction,  but  also  to  a  considerable  extent 
on  the  activity  of  the  attacking  nucleophilic  reagent.  Attack  by  the  nucleophilic  reagent  CH3O-,  which  is  stronger 
than  1-,  leads  to  replacement  of  the  halogen  in  derivatives  of  5-halofuran  carboxylic  acid  (II,  X=Br,  I;  B=OCHs. 
Cl). 

All  the  derivatives  of  5-bromo-and  5-iodofuran  carboxylic  acid,  like  the  acids  themselves,  give  up  iodine 
quantitatively  under  the  influence  of  concentrated  HNOs- 


X 


HNO, 

Ab 


x. 


X  =  Br,  I;  B  =  OH,  Cl,  NH,.  NHAr,  OCH,. 


The  transformations  which  we  have  carried  out  are  summarized  in  the  following  scheme; 


X  J  j-c/  x-[  J-c^"  JHiSi  x-{  J-c/ 


CH3OH 


x_ii  xJ  l-c/  CH30  J 

'^0^  \l  ''0^  \0CH,  \0CH3 

(Ill) 


X  =  Dr.  I ;  R  =  H.Ar. 


OH- 


_l  l_c^° 

(IV) 


CH3O- 


EXPERIMENTAL 

5-Bromofuran  carboxylic  acid,  a)  A  solution  of  3.5  g  of  5-bromofurfurol  in  20  ml  of  ether  was  energetically 
stirred  for  several  hours  with  80  ml  of  30*70  NaOH  solution  which  contained  several  drops  of  30*7°  H2O2  [7].  When 
flakes  appeared,  the  mixture  was  allowed  to  stand  for  a  day.  Yield  1.52  g  (40*70).  5-Bromofurfurylic  alcohol  could 
be  isolated  from  the  ether  extract. 

b)  Eighty  g  of  pyromucic  acid*  was  placed  in  a  three  necked  flask  with  a  reflux  condenser,  dropping  funnel, 
and  stirrer,  60  ml  of  glacial  acetic  acid  was  added,  the  mixture  was  heated  gently  on  the  water  bath,  the  stirrer 
was  started,  and  a  solution  of  100  ml  of  bromine  in  100  ml  of  glacial  acetic  acid  was  added  dropwise  with  strict 
attention  to  the  temperature  of  the  mixture.  When  vapors  of  bromine  appeared  in  the  condenser,  heating  was 

•Pyromucic  acid  was  obtained  according  to  the  method  in  the  literature  [11]. 
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stopped;  if  crystals  of  tlio  acid  becjan  to  appear  on  the  walls  of  the  flask,  heating  had  to  be  recoinnicnced.  Strong 
heating  could  lead  to  carhnniitation.  Then  the  mixture  was  boiled  on  the  water  bath  until  evolution  of  HBr  stopped 
(about  f)  hours),  cooled. dissolved  in  1.2  liters  of  boiling  water,  boiled  with  charcoal,  and  filtered.  After  cooling, 
the  acid  crystallized  in  the  form  of  white  needles.  Yield  60  g  (GO'Vf).  M.  p.  187”.  It  was  possible  to  isolate  from 
the  mother  liquors  another  IS  g  of  acid.  Total  yield  75  g(7,5'7r). 

Anilide  of  S-brontofiiran  carboxylic  acid  [12].  To  2.09  g  of  acid  chloride  of  5-bromofuran  carboxylic  acid 
in  5  ml  of  absolute  ether  was  added  a  solution  of  0.9  g  of  aniline  in  S  ml  of  absolute  ether,  dropwise  and  with 
cooling.  A  precipitate  of  the  anilide  formed  at  once.  It  was  dissolved  in  28  ml  of  80‘7('  acetic  acid  and  28  ml  of 
hot  water  was  added;  with  gradual  cooling,  white  needles  formed.  Yield  quantitative.  M.p.  14.9-  144*  (from  ace¬ 
tone). 

Found '7c';  N  8.88.  5.36.  CnHgOjNBr.  Calculated '7<';  N  8.26. 

5-Bromofuran  carboxylic  acid  iodide.  When  1.08  g  of  5-bromofuran  carboxylic  acid  chloride.  1.5  g  of 
anhydrous  Nal,  and  10  ml  of  anhydrous  acetone  were  heated  on  a  water  bath  a  precipitate  of  sodium  chloride 
quickly  came  down.  The  mixture  was  heated  for  15  minutes  more  and  then  filtered  hot.  When  the  acetone  was 
evaporated  off  under  a  slight  vacuum,  a  dark  residue  remained  of  the  very  unstable  8-bromofuran  carboxylic 
acid  iodide,  which  decomposed  on  standin?.  with  evolution  of  iodine.  Wlicn  it  was  treated  with  water,  it  hydrol¬ 
yzed  with  formation  ol  8-bromofuran  carboxylic  acid  (m.p.  18  1°),  wfiich  after  treatment  with  concentrated  am¬ 
monia’  gave  the  amide  of  5-bromofuran  carboxylic  acid  (rn.p.  1  IT  [19]). 

5  lodofuran  carboxylic  acid  chloride.  To  a  solution  of  11.9  g  of  5-iodofuran  carboxylic  acid  in  12  ml  of 
anhydrous  benzene  was  added  8  ml  of  freshly  distilled  thionyl  chloride.  The  mixture  was  boiled  on  the  water 
bath  for  9.8  hours,  after  which  the  excess  SOCI2  and  QHg  were  distilled  off  in  a  vacuum.  The  residue  crystallized 
completely.  Yield  10.8  g(87‘7r).  M.p.  68*  (from  benzene);  from  acetone,  a  white  crystalline  substance  which 
gradually  darkened  in  color  when  kept.  When  heated  with  HNO3,  evolved  iodine  quantitatively  [2]. 

Found ‘7<':  (IfCl)  62.96,  63.04.  C5F1202C11  Calculated  ;  (UCl)  6.3.31. 

When  boiled  with  water,  the  acid  chloride,  more  quickly  in  the  presence  of  alkali,  gave  5-iodofuran  car¬ 
boxylic  acid  with  m.p.  197*  (from  benzene). 

Methyl  5-iodofuran  carboxylate.  To  a  benzene  solution  of  5  g  of  8-iodofuran  carboxylic  acid  chloride  was 
added  a  five- fold  excess  of  anhydrous  CH3OH  and  the  mixture  was  allowed  to  stand  for  two  days.  After  distilla¬ 
tion  of  the  benzene  on  the  water  bath,  light  brown  crystals  precipitated;  after  washing  with  ligroin,  white  needles 
with  m.p.  82*.  We  obtained  3  g  (60‘7<’);  iodine  was  evolved  quantitatively  by  heating  with  HNO3. 

Found ‘7o:  I  50.05,  50.17.  QHgOyl.  Calculated ‘7<';  I  50.36. 

Easily  soluble  in  benzene,  pooly  so  in  ligroin,  with  darkening  of  the  color. 

5-Iodofuran  carboxylic  acid  amide.  When  a  solution  of  1.7  g  of  5-iodofuran  carboxylic  acid  chloride  in 
10  ml  of  anhydrous  benzene  was  treated  with  concentrated  ammonia,  there  at  once  appeared  a  precipitate  of 
white  crystals  of  5-iodofuran  carboxylic  acid  amide.  Yield  1.1  g  (90‘7f),  m.p.  116*  (from  benzene).  After  long 
standing  in  the  light,  it  darkened.  When  boiled  with  water  in  the  presence  of  acid,  followed  by  making  the  solu¬ 
tion  alkaline,  the  amide  was  hydrolyzed  with  evolution  of  ammonia;  when  heated  with  HNO3.  it  evolved  iodine 
quantitatively. 

Found '7(':  N  5.56.  5.49;  I  52.67,  52.84.  C5H4NO2I  Calculated  *7^:  N  5.90;  I  53.55. 

5-Iodofuran  carboxylic  acid  anilide.  We  obtained  it  as  described  above,  from  0.51  g  of  acid  chloride,  5  ml 
of  absolute  ether,  and  0.19  g  of  aniline  in  2  ml  of  absolute  ether.  Yield  quantitative.  M.p.  159-  159.5’  (from 
alcohol).  White  needles. 

Found  °Jc:  N  4.62.  4.37.  CjiHgNOzI-  Calculated  °Jc:  N  4.47. 

5-Iodofuran  carboxylic  acid  p-methoxyanilide.  To  0,5  g  of  5-iodofuran  carboxylic  acid  chloride  in  5  ml 
of  absolute  ether  we  added  0.25  g  of  £»-anisidine.  The  reaction  occurred  without  heating.  Then  we  added  12  ml 
of  10°]c  CH3COOH  and  5  ml  of  hot  water;  the  mixture  stood  for  a  day.  We  obtained  0.47  g  (62*7')  with  m.p.  134°. 

Found  <70;  N  4.20.  3.93.  CnHioNOal.  Calculated '7c;  N  4.24. 
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5-Kictho>.yfuran  caiboxylic  acid  and  its  methyl  ester,  a)  To  a  solution  of  sodium  methylate  in  methanol 
from  0.<}6  g  of  Na  in  bO  ml  of  anhydrous  CH;,on  wc  added  in  small  portions  (cooling  with  water)  2.565  g  of  5- 
IcyJofiiran  carboxylic  acid  chloride.  A  white  precipitate  (NaCl  +  Nal  at  once  appeared.  The  mixture  was  heated 
for  one  hour  on  a  water  bath, the  methanol  was  distilled  off  in  a  vacuum,  and  the  residue  was  treated  with  30  ml 
of  ether  and  50  ml  of  water.  We  isolated  from  the  ether  layer  0.77  g(‘i9.4'vp)  of  methyl  b-methoxyfuran  carboxyl- 
ate,  m.p.  54-55’  (from  benzene).  According  to  [10],  m.p.  51-53’.  From  the  water  layer  by  careful  acidification, 
with  cooling  and  in  the  presence  of  ether,  we  isolated  0.2  g  of  5-methoxyfuran  carboxylic  acid,  m.p.  142-143’ 
(according  to  [10],  m.p.  136-141’). 

Found  equiv.  143.  Q;Hfi04.  Calculated  equiv.  142. 

b)  A  mixture  of  2.52  g  of  methyl  5-iodofuran  carboxylate  and  a  solution  of  sodium  methylate  (from  0.23 
g  Na  in  20  ml  of  anhydrous  methanol)  was  heated  1.5  hours  on  a  water  bath  under  reflux.  After  treatment  like  the 
previous  one,  we  obtained  0.78  g(50‘’/o)  of  methyl  5-methoxyfuran  carboxylate  (m.p.  52-53’)  and  0.1  g  of  5-meth- 
oxyfuran  carboxylic  acid  (m.p.  141-142’). 

SUMMA  RY 

1.  We  have  obtained  the  undescribed  5-halofuran  carboxylic  acid  derivatives;  acid  chloride,  methyl  ester, 
amide,  anilide,  and  p  -methoxyanilide  of  5-iodofuran  carboxylic  acid,  and  also  the  acid  iodide  and  anilide  of  5- 
bromofuran  carboxylic  acid. 

2.  In  the  derivatives  of  5-bromofuran  carboxylic  acid  (anilide,  acid  chloride,  and  methyl  ester)  the  bromine 
is  less  mobile  under  nucleophilic  attack  by  alkali  iodides  than  it  is  in  methyl  5-bromofuran  carboxylate. 

3.  We  have  shown  the  possibility  of  replacement  of  iodine  by  the  metho.sy  group  in  the  reaction  of  5-lodo- 
hiran  carboxylic  acid  chloride  or  its  methyl  ester  with  a  solution  of  sodium  rnelbylate  in  methanol. 
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It  is  known  that  thiourea  and  its  N-suhstituted  derivatives  react  with  a-haloketones  with  the  formation  of 
thiazolc  derivatives.  Intermediate  compounds  have  not  been  isolated  here,  since  the  reaction  occurs  energetically 
and  it  could  not  be  stopped  in  the  first  stage.  One  of  us  with  P.  M.  Kochergin  showed  by  the  example  of  condensa¬ 
tion  of  cY-iialokctones  and  bromaacetaldehydc  with  substituted  2-mercaptoimidazolcs  that  the  formation  of  imi- 
dazo-(2, 1 -b)-thiazoles  occurs  through  the  intermediate  stage  of  S-8 -carbonyl  compounds  with  later  formation  of 
the  liydroxythiazoline  ring  [1,  2]. 

In  further  work  we  studied  the  formation  of  the  thiazolinc  ring  in  the  example  of  the  condensation  of  chloro- 
acetonc  with  N,N’-diaryl-  and  N-aryl-N’-acylthioureas,  and  also  of  a-chlorocyclohexanone  with  N-aryl-N’ -acyl- 
thioureas.  The  final  reaction  product  with  N-aryl-N' -acylthioureas  is  the  corresponding  2-acylimino- 4-thiazclinc. 
We  confirmed  that  the  course  of  the  reaction  depends  on  the  presence  in  the  reaction  medium  of  hydrogen  ions. 

If  the  hydrogen  chloride  which  is  formed  is  bound  b)  sodium  alcoholatc  or  triethylamine,  then  the  reaction  stops 
at  the  stage  of  4-hydroxythiazolidine  derivatives. 

These  intermediate  compounds  are  not  stable,  especially  if  the  initial  substances  were  'N.N'-diarylthioureas. 
For  example,  in  the  condensation  of  chloroacctone  with  N,N’-diphenylthiourea  at  room  temperature  in  methylene 
chloride  solution  in  the  presence  of  triethylamine  we  could  obtain  2-phenylimino  -  3-phenyl- 4- methyl-4-hydroxy- 
thiazolidine  (la),  but  this  substance  even  when  heated  below  its  melting  point  and  even  on  recrystallization  from 
alcohol  lost  water  and  was  converted  into  2-phenylimino-3-phenyl-4-methyl-4-thiazoline  (I)  [3].  In  the  conden¬ 
sation  of  N,N'-ditolyl-  and  diphenylthioureas  with  chloroacctone,  the  intermediate  4-hydroxythiazolidlne  com¬ 
pounds  could  not  be  isolated. 

The  intermediate  reaction  product  of  chloroacctone  and  N- phenyl- N'-acylthiourcas  is  simpler.  When  hydro¬ 
chloric  acid  acts  on  cold  2-acylimino- 3- phenyl- 4-hydroxythiazolidine,  water  is  split  out,  leading  to  the  corres¬ 
ponding  thiazoline  compound.  Thus,  from  chloroacctone  and  N-phenyl- N’ -benzoylthiourea  we  obtained  2-bcnzoyl- 
imino- 3- phenyl- 4- methyl- 4-hydroxythiazolidine  (IVa),  and  2-benzoylimino-3-phenyl-4-methyl-  4- thiazoline 
(IV);  from  chloroacctone  and  N-phenyl- N’-£-nitrobenzoylthiourea,  2-(£-niirobcnzoylimino)-3-phenyl-4-methyl- 
4-hydroxythiazolidine  (Va)  and  2-(£-nitrobenzoylimino)-3-phenyl-4-methyl-4-thiazoline  (V):  and  an  analogous 
pair  of  substances  from  chloroacctone  and  N-phenyl- N'-acetylthiourea  (VI,  Via);  from  a-chlorocyclohexanone 
and  N-phenyl- N’-acetylthiourea  was  obtained  2-acetylimino-3-phenyl-4-hydroxy-4,5-cyclotetramethylenethia- 
zolidine  (Vila)  and  2-acetylimino  3-phenyl-4,5-cyclotctramethylcne-4-thiazoline  (VII).  In  the  condensation  of 
a-chlorocyclohexanone  with  N- phenyl- N'- benzoylthiourea  in  methylene  chloride  at  room  temperature  was  ob¬ 
tained  a  substance  which  showed  qualitatively  the  presence  of  hydroxy  groups  and  which  was  evidently  a  mixture 
of  a  4-hydroxythiazolidine  compound  with  2-benzoylimino-3-phenyl-4,5-cyclotetramcthylene-4-thiazoline  (VIII), 
a  compound  which  even  on  crystallization  loses  water  with  formation  of  (XIII).  In  the  reaction  of  N-phenyl- N’- 
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p-nitrobcnzoylihlourea  with  a-chlorocycichexanona  the  intermediate  compound  also  cannot  be  isolated,  and  we 
obtained  2-(p  nitrobcnzoyl)-imino-3-phenyl-4,5-cyclctetramethylene-4-thiazoline  (IX).  The  instability  of  the 
4-hydroxy  compounds  in  these  cases  can  be  explained  by  the  nonplanar  conformation  of  the  cyclohexane  ring 
[4].  When  a-chlorocyclohexanone  is  heated  with  N- phenyl -M'-acely 'thiourea  in  alcohol  solution  splitting  of  the 
acetyl  group  occurs,  with  formation  of  2-imino-3-phenyl-4,5-cyclotetramethylene-4-thiazoline  (X)  and  therefore 
substance  (VII)  can  be  obtained  only  through  the  stage  of  the  4-hydtoxythiazolidine  compound. 

In  all  cases,  the  presence  of  tlie  hydroxy  group  in  the  hydroxythiazolidine  compounds  was  shown  by  ttie 
presence  of  absorption  bands  in  the  infrared  spectra  in  the  region  3C30-3360  cm'^  characteristic  for  the  OH  group. 
Lines  characteristic  of  ketone  carbonyl  ( 1740- 1760  cm’*)  were  absent,  and  the  substances  did  not  show  reactions 
typical  of  the  ketene  group.  The  determination,  according  to  Tserevitinov,  showed  the  presence  of  one  active 
hydrogen,  and  the  4-hydroxytiiiazolIdine  derivative  (\TIa)  gave  two  moles  of  methane  which  corresponded  to  the 
behavior  of  an  alcohol  with  hydrogen  on  the  tertiary  8 -carbon  atom. 

We  can  conclude  from  tliese  reaction  that  the  following  mechanisms  of  formation  of  the  thiazoline  ring 
occur.  The  isoforms  of  the  substituted  thioureas  react  with  a-haloketones  forming  S-8-ketosubstituted  isothioureas, 
which,  because  of  the  presence  of  the  reciprocally  reactive  carbonyl  and  imino  groups  are  converted  with  rearrange' 
ment  of  the  hydrogen  from  the  amino  group  to  the  carbonyl  residue  in  the  4  hydroxythiazolidine  derivatives.  These 
compounds  lose  water  giving  the  corresponding  substituted  2-imino-4-thiazolines. 
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Confirmation  of  the  fact  that  the  first  intermediate  stage  of  the  reaction  is  the  splitting  of  a  halogen  hydride 
with  formation  of  S-8-keto  derivatives  of  isothiotuea  comes  from  the  fact  that  in  the  condensation  of  chloroace- 
tone  and  N- phenyl- N'-acetylthiourea  in  boiling  alcohol  in  the  presence  of  triethylamine  we  obtained  2-phenyl- 
amino- 4- methyl- 5-acetylthlazole  (XI)  whose  structure  was  shown  by  synthesis  from  diacetyichloroinethane  and 
phenylthiourea.  The  formation  of  sub.stance  (XI)  can  be  explained  by  cyclization  of  the  intermediate  S-acetonyl- 
N -phenyl- N’-acetylisothiourea  with  splitting  out  of  water  because  of  the  methylene  group  and  oxygen  In  the  acetyl 
residue  on  the  nitrogen. 
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2-Acyllmino-4-thiazolines  are  weak  bases.  Their  hydrochlorides  are  hydrolyzed  even  on  dilution  of  the 
solutions  with  water.  The  2-acylimino-4-tluazolines  which  we  obtained  (IV,  V,  VI)  when  heated  in  aqueous  alcohol 
solutions  of  hydrochloric  acid  are  hydrolyzed  with  formation  of  2- imino- 3- phenyl-4-methyl- 4- thiazoline  (XII) 

[5].  Substances  (VII,  Vni,  IX)  when  heated  with  alcoholic  hydrochloric  acid  are  hydrolyzed  to(X). 

The  2- imino- 3- phenyl- 4- substituted  thiazoline  (Xn)  and  (X)  are  converted  by  acylation  into  the  starting 
2-acylimlno  derivatives  of  thiazoline. 

EXPERIMENTAL 

2-Phenylimino-3-phenyl-4-methvl-4-hvdroxvthiazolidine  (I?).  To  a  solution  of  2.28  g  (0.01  mole)  of  thlo- 
carbanilide  in  50  ml  of  methylene  chloride  was  added  3  ml  of  triethylamine  and  1.85  g  (0.02  mole)  of  chloro- 
acetone.  The  mixture  was  shaken  for  several  hours.  The  yellowed  solution  was  evaporated  in  a  vacuum  and  the 
solid  residue  was  washed  with  water  and  cold  alcohol.  We  obtained  2.7  g(95.5*7o)  of  a  white  crystalline  substance 
with  m.p.  134-136".  After  recrystallization  from  ether  m.p.  137-138”.  We  obtained  the  hydroxythiazolidine  com¬ 
pounds  shown  in  Table  1  by  this  method.  Substance  (IVa)  was  obtained  from  5.12  g  (0.02  mole)  of  N-phenyl- 
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TABLE  1.  4-Hydroxythiazolidines 


TABLE  2.  Substituted  2-Imino-4-thiazolines 
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N  -bcnzoylihioiirca  and  XG1  g  (0.0. '’.'>7  rvolo)  of  cMoroai'ciono  i;t  t!:c  prc'cpcc  of  IP  »•■;!  of  trietpyl  -  ■'■.no.  and 
substance  (Via)  from  7.70  g  (0.01  n'.olc)  of  ';-p;ic:r.'l-N'-acetylth;onrca  and  7.3?  g  (0.08  melt)  ot  tI;’.oroac<.icne 
in  the  presence  of  12  ml  of  trietliylamine.  After  reaction,  sub.'tances  (IVa)  and  (\’Ia)  partly  precipitated  from 
solution.  They  were  filtered  and  washed  with  water  and  cold  alcohol.  Evaporation  of  the  methylene  chloride 
mother  liquor  gave  a  further  amount  of  (IVa)  and  (Via).  For  analysis  substance  (IVa)  was  recrystallized  from 
alcohol  as  thick,  glittering  hexagonal  plates;  substance  (Via)  was  recrystallized  from  benzene  as  colorless  needles. 
The  wash  water  from  (Via)  after  being  made  alkaline  gave  5*7°  2-phenylamino-4-methyl-5-acetylthiazole  (XI), 
m.p.  152-153*.  Colorless  needles  (from  alcohol)  in  the  form  of  clumps,  soluble  in  most  organic  solvents. 

Found  1^:  C  62.06;  H  5.15;  N  12.13;  S  13.61.  CpHuNjOS.  Calculated  *70;  C  62.04;  H  5.06;  N  12.06;  S  13.80. 


Substance  (Via)  was  also  obtained  by  heating  the  components  in  benzene,  and  (IVa)  by  boiling  the  compo¬ 
nents  in  anhydrous  alcohol.  Under  the  same  conditions  of  heating  in  alcohol  we  obtained  (Va)  from  6.03  g(0.02 
mole)  of  N-phenyl-N'-(p-nitrobenzoyl)-thiourca  and  1.8  ml (0.023  mole)  of  chloroacetone  in  the  presence  of 
3  ml  of  trietliylamine,  and  (Vila)  from  7.76  g(0.04  mole)  of  N  -  phenyl- N’ -acetylthiourea  and  9.2  ml  (0.08  mole) 
of  or-chlorocyclohcxanonc  with  14  ml  of  tricthylamine.  For  analysis  the  substances  were  recrystallized  from  alcohol 
(Va)  as  yellow  prisms,  and  (Vila)  as  a  colorless  crystalline  substance. 


2-Phenyliniino- 3-phenvl-4-mcthyl-4-thiazolinc  iU.  A  mixture  of  0.23  g  (0.001  mole)  of  thiocarbanilide 
and  0.19  g  (0.002  made)  oi  chloroacetone  in  2u  ml  ot  anhydrous  alcolicl  was  boiled  for  one  hour  and  evaporated 
dry.  The  oily  residue  was  treated  \vith  water  and  ether.  From  the  dried  ether  solution,  after  distillation  of  the 
etlier  we  obtained  0.11  g  of  substance  (I),  and  from  the  water  solution,  made  alkaline  with  ammonia,  another 
0.11  g  (total  yield  83*7'^).  After  recrystallization  from  alcohol,  m.p.  138-139®  [3].  Substance  (1)  is  much  more 
soluble  in  ether  than  is  (la).  By  this  method  we  obtained  compounds  (II)  from  2.5C  g  (0.01  mole)  of  4,4'-dimethyl- 
thiocarbanilidc  and  1.82  g  of  chloroacetone  (0.02  mole);  (III)  from  3.16  g  (0.01  mole)  of  4.4'-diethoxythiocarban- 
ilide  and  1.85  g  (0.02  mole)  of  chloroacetone  (see  Table  2). 


Compound  (III)  is  less  soluble  in  ether  than  are  (I)  and  (II)  and  so  after  evaporation  the  residue  was  treated 
with  water,  filtered,  and  washed  to  absence  of  reaction  for  halogen.  Making  the  aqueous  mother  liquor  alkaline 
with  ammonia  gave  a  further  amount  of  (III). 

Substances  (11)  and  (III)  were  also  obtained  by  shaking  the  components  in  the  presence  of  3.5  ml  of  triethyl- 
amine  in  methylene  chloride  solution.  Samples  mixed  with  forms  obtained  in  alcohol  solution  gave  no  depression. 
Substance  (II),  colorless  needles  (from  alcohol);  (III),  long  colorless  needles  (from  alcohol). 


Substance  (VIII)  was  obtained  by  boiling  10.24  g  (0.04  mole)  of  N- phenyl- N’-benzoylthiourea  and  18.5  g 
(0.14  mole)  of  a-chlorocyclohcxanone  in  20  ml  of  alcohol.  Yield  0.85  g,  m.p.  197-200°.  After  recrystallization 
from  alcohol,  colorless  needles  \/ith  m.p.  204-205°. 

Found ‘7'’;  C  72.12;  H  5.38;  N  8.30;  S  0.40.  CjoHjgONjS.  Calculated  *70:  C  71.85;  H  5.42;  N  8.38;  S  9.59. 

From  the  aqueous  mother  liquors  of  the  reaction  we  isolated  with  ammonia  2.55  g  of  2-imino-3-phenyl-4,5- 
cyclotetramethylene- 4- thiazoline  ( X). 

Compound  (VIII)  was  also  obtained  by  shaking  a  solution  of  5.12  g  (0.02  mole)  of  N- phenyl- N’- benzoyl- 
thiourea  in  40  ml  of  methylene  chloride  with  6  ml  of  tricthylamine  and  5.2  g  (0.039  mole)  of  ot-chlorocyclo- 
hexanone.  The  precipitate  of  trietliylamine  hydrochloride  was  filtered  off  and  the  mother  liquor  was  evaporated 
dry.  Tlie  caramcl-like  residue  was  ground  with  a  small  amount  of  alcohol,  the  resulting  precipitate  was  filtered 
and  washed  repeatedly  with  cold  alcohol.  We  obtained  3.58  g  of  a  colorless,  crystalline  substance  which  was  dis¬ 
solved  in  concentrated  hydrochloric  acid  and  precipitated  by  ammonia.  After  recrystallization  from  alcohol  we 
obtained  2.88  g(43*7c)  of  (VIII).  m.p.  204-205°. 

Substance  (VIII)  was  also  obtained  after  seven  hours  boiling  of  the  components  in  anhydrous  alcohol,  yield 
34'7f'.  A  test  of  this  with  (VIII)  obtained  without  addition  of  tricthylamine  gave  no  depression. 

2- A cetylimino- 3- phenyl- 4- methyl- 4- thiazoline  (VT)  was  obtained  by  boiling  for  2,5  hours  of  7,2  g  (0.037 
mole)  N-phenyl-N' -acetylthiourea  and  7  ml  (0.0878  mole)  of  chloroacetone  in  60  ml  of  anhydrous  alcohol. 

After  evaporation  the  residue  was  washed  with  water.  On  the  filter  remained  1.77  g  of  unchanged  substance. 
Addition  of  ammonia  precipitated  from  the  mother  liquor  4.84  g  of  substince.  After  recrystallization  from  alcohol 
we  obtained  3.2  g  (49.5To)  of  colorless  prisms,  compacted  in  clumps.  Substance  (VI)  was  also  obtained  by  acetyla- 
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tion  of  substance  (XII)  by  acetic  anhydride  with  a  yield  of  92^o,  m.p.  182-183°  (according  to  the  literature  m.p. 

182°  [5],  181-182°  [6]);  all  the  forms  gave  mixed  melting  points  without  depression. 

2-Bcn70vlimino-3-rhcnvl-4-methyl-4-thia2oIir.e  (IV).  a)  A  solution  of  5.12  g(0.02  mole)  of  N-phenyl- 
M’-bcnzoylthiourea  in  60  ml  of  methylene  chloride  and  2.43  g  (0.028  mole)  of  chloroacetone  was  shaken  for  several 
days  and  evaporated  dry.  The  residue  was  washed  with  water,  alcohol,  and  ether.  We  obtained  5  g  of  substance 
with  m.p.  115-138"  which  was  treated  with  hydrochloric  acid.  On  this,  1.5  g  of  unchanged  N-phcnyl-N*-benzoyl- 
thiourca  did  not  dissolve.  From  the  hydrochloric  acid  solution  after  dilution  with  water  and  treatment  with  am¬ 
monia  was  obtained  3.5  g  of  substance  (IV).  After  recrystallization  from  alcohol,  colorless  rhombic  plates  with 
m.p.  156-158°,  2,05  g  (71‘7c). 

b)  To  a  suspension  of  5.12  g  (0.02  mole)  of  N- phenyl- N'-benzoylthiourea  in  20  ml  of  butyl  alcohol  was 
added  1.85  g  (0.02  mole)  of  chloroacetone  and  the  mixture  was  boiled  with  stirring  for  two  hours.  After  cooling, 
a  white  precipitate  separated.  It  was  washed  with  alcohol  and  ether  and  treated  with  hydrochloric  acid  in  experi¬ 
ment  "a".  We  isolated  0.15  g  of  N- phenyl- N'-benzoylthiourea  and  2.08  g  of  a  sub.stance  which  after  recrystal¬ 
lization  from  alcohol  gave  1.72  g  (30.2‘7f')  of  (IV)  with  m.p.  156-158°.  From  the  aqueous  mother  liquor  we  isola¬ 
ted  with  ammonia  1.3  g  (35.3*70)  of  2- imino- 3- phenyl- 4-methyl- 4- thiazoline  (XII)  with  m.p.  84-86°,  by  benzoyla- 
tion  of  which  we  obtained  (IV)  also. 

By  process  "b"  from  6.03  g  of  N-phenyl-N'-(£-nitrobenzoyl)-thiourea  and  1.7  g  of  chloroacetone  we  obtained 
substance  (V).  and  from  6.03  g  of  N-phenyl-N’-(p-nitrobenzoyl)-thiourea  and  3  ml  of  a-chlorocyclohexanone, 
substance  (IX).  Tlie  yellov/  precipitate  was  washed  with  alcohol.  VVe  obtained  1.46  g  (19*70).  After  recrystalUzation 
from  alcohol,  yellow  prisms  with  m.p.  167.5-169°. 

Found  *70:  C  63.36;  H  4.62;  N  11.00;  S  8.55.  CjoHnOaNgS.  Calculated ‘7<':  C  63.31;  H  4.51;  N  11.08;  S  8.45. 

By  making  the  mother  liquor  alkaline  we  obtained  some  quantity  of  substance  (X), 

Substance  (IX)  was  also  obtained  by  boiling  a  suspension  of  6.03  g  of  N- phenyl- N’-(£-nitrobenzoyl)-thiourea 
in  20  ml  of  anhydrous  alcohol  and  5.8  ml  of  triethylamine,  to  which  was  added  with  stirring  4.65  ml  of  a-chloro¬ 
cyclohexanone  in  5  ml  of  alcohol.  The  mixture  was  boiled  for  five  min  and  evaporated  dry  in  a  vacuum.  Water 
and  ether  were  added  to  the  residue.  The  precipitate  which  formed  between  the  layers  was  separated.  The  yield 
of  substance  (IX)  was  1,88  g  ("b'vf').  After  recrystallization  from  alcohol,  yellow  prisms  with  m.p.  167.5-169°,  A 
mixed  melting  point  with  (IX)  prepared  above  gave  no  depression. 

Compounds  (I,  IV,  V,  VI,  VII)  were  also  obtained  by  solution  of  (la,  IVa,  Va,  Via,  V'lla)  in  hydrochloric 
acid  with  sub.sequent  dilution  with  water  and  addition  of  ammonia. 

2-Phcnylamino-4-methyl-5-acctylthiazoIe  (.XI).  a)  To  a  boiling  solution  of  15.56  g  of  N- phenyl- N'- acetyl- 
thiourea  and  22.4  ml  of  triethylamine  in  80  ml  ofanhydrous  alcohol  was  added  with  stirring  12.8  ml  of  chloroacetone, 
and  boiling  was  continued  for  three  hours.  The  solution  was  evaporated  dry  and  the  residue  was  washed  with  water 
and  cold  alcohol.  After  recrystallization  from  50*7''  alcohol  we  obtained  8.67  g(46.6‘7r)  of  substance  (XI)  with 
m.p,  152-153°.  Colorless  needles  from  alcohol,  crystallizing  in  clurhps,  soluble  in  most  organic  solvents. 

b)  A  mixture  of  1.52  g  of  phcnylthiourca  and  1.7  g  of  diacetylchloromethane  and  50  ml  of  anhydrous  alco¬ 
hol  was  boiled  with  stirring  for  two  hours.  The  precipitate  was  filtered  off  and  washed  repeatedly  with  water  and 
alcohol.  We  obtained  1.65  g  of  white,  crystalline  substance  (XI),  m.p.  149.5-151°.  Further  separation  by  making 
the  motiicr  liquor  alkaline,  0.3  g.  Total  yield  84.5*7'’.  A  sample  mixed  with  (XI)  obtained  above  gave  no  depres¬ 
sion  ofthe  melting  point. 

Action  of  aqueous  alcoholic  hydrochloric  acid  on  2-acylimino  derivatives  of  4-thiazolines.  a)  When  sub¬ 
stances  (IV,  V,  VI)  were  boiled  with  hydrochloric  acid  in  aqueous-alcoholic  solution,  after  evaporation  and  mak¬ 
ing  the  solution  alkaline  with  ammonia,  wc  isolated  a  quantitative  yield  of  2- imino- 3- phenyl- 4- methyl- 4- thiazo¬ 
line  (XII),  easily  soluble  in  most  organic  solvents,  and  poorly  in  ligroin.  After  its  purification  through  the  hydro¬ 
chloride  with  later  recrystallization  of  the  base  from  aqueous  alcohol  and  then  ligroin,  m.p.  85-86°  (80°  [5]). 

When  acetic  anhydride  acted  on  substance  (XTI)  we  obtained  an  acetyl  derivative  with  m.p.  182-183°  which  gave 
no  melting  point  depression  with  substance  (VI).  On  benzoylation  by  the  Schotten-  Baumann  reaction  we  obtained 
the  2-ben2oylimino  derivative  which  in  a  mixture  with  substance  (IV)  gave  no  melting  point  depression. 
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h)  On  l/oiling  substances  (VII.  VIII,  IX)  in  aqueous  alcolujhc  hydrochloric  acid  we  obtained  quantitative 
yields  of  ‘J-imino- 3-phcnyl-  l,5-cyclotctranicthylene-4-thiazolir.e  (X).  After  rccrystaliization  ironi  alcohol,  color¬ 
less  rectilinear  prisms,  m.p.  117-118°. 

Found '7''.  c  67.88;  H  6.23;  N  12.06.  C13HUN2S.  Calculated  "/o:  C  67.76;  H  6.13;  N  12.17. 

On  acetylation  of  substance  (X)  by  acetic  anhydride  we  obtained  the  acetyl  derivative  with  m.p.  144.5- 
145.5'  which  gave  no  melting  point  depression  with  (VII). 

N-Phenyl  N’-(p-nitrobenzoyl)-thiourea  was  obtained  by  heating  £-nitrobcnzoyIthiocyanate  f7]  and  aniline 
In  benzene  solution.  Yellow  needles  (from  alcohol),  with  m.p.  174-  176°. 

Found  *70;  N  13.75.  C,4Hi,03N3S.  Calculated ‘7'^:  N  13.05. 

SUMMARY 

1.  We  have  shown  that  the  condensation  of  a-haloketones  with  sym-diaryl-  and  arylacylthioureas  proceeds 
through  the  intermediate  stage  of  formation  of  4-hydroxythiazolidine  compounds,  which  were  isolated  by  carrying 
out  the  reaction  in  the  presence  of  triethylamine. 

2.  Under  the  action  of  hydrochloric  acid  the  4-hydrcxvthiazclidirie  compounds  split  out  water  and  form  the 
corresponding  derivatives  of  4-thiazoline. 

3.  Saponification  by  aqueous  alcoholic  hydrochloric  acid  of  2-acylamino-3-phcnyl-4-substituted-4-thlazo- 
llnes  leads  to  the  corresponding  2-imino  derivatives. 

4.  In  the  condensation  of  chloroacetone  and  phenylacetylthiourea  in  alcoholic  solution  in  the  presence  of 
triethylamine  there  is  formed  2-pbenylamino-4-mcthyl-5-acctylthiazole  as  a  result  of  splitting  out  water  because 
of  the  methylene  group  and  the  acetyl  of  the  intermediate  S-acetonyl-N- phenyl- N'-acetyllsothiourea. 
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In  the  previous  communication  [1]  we  described  the  mechanism  of  formation  of  2-acylimino-3-phenyl-4- 
thiazolincs  from  chloroacetonc,  o-chlorocyclohc.xanone,  and  syrn-phenylacylthioureas.  In  the  present  paper  we 
report  a  study  of  the  condensation  of  aromatic  a-haloketoncs  with  the  same  substituted  thioureas. 

When  tii-bromoacctophenonc  is  heated  with  sym-phenylacylthioureas  we  have  obtained  2-benzoyl-(I),  2- 
£>  nitrobcnzoyl-(II),  and  2-acetylimino-3,4-diphenyl-4-thiazoline  (III).  The  latter  compound  was  identified  with 
the  one  described  in  the  literature  obtained  by  acetylation  of  2-imino-3,4-diphenyl-4-thiazoline  [2].  Acyllmino- 
thiazoline  (I).  (II).  and  (III)  heated  in  aqueous  alcoholic  hydrochloric  acid  were  saponified  into  2-imino-3,4- 
diphenyl- 4-thiazoline,  obtained  by  Beyer  from  u-thiocyanatoacetophenone  and  aniline  hydiochloride  [2]. 

IvTien  the  reaction  of  condensation  of  a;-bromoacctophenone  with  sym-phenylacylthioureas  was  carried  out 
in  the  presence  of  tricthylamine,  we  isolated  4-hydroxythiazolidine  derivatives.  In  all  cases  the  presence  of  the 
hydroxy  group  in  these  thiazolidinc  compounds  was  shown  by  the  presence  in  the  infrared  spectra  of  absorption 
bands  characteristic  for  the  OH  group  in  the  region  3230-3360  cm’*,  and  the  absence  of  bands  due  to  ketone  car¬ 
bonyl  (1740-1760  cm**).  The  substances  obtained  also  did  not  show  chemical  reaction  characteristic  of  the  ketone 
group.  Although,  in  the  conden.sation  of  N- phenyl- N*-benzoylthiourea  witli  tu-bromoacetophenone  in  the  presence 
of  triethylamine  we  isolated  the  intermediate  compound  2-benzoylimino-3,4-diphenyl-4-hy<lroxythiazolidine 
(la)  which  under  the  influence  of  hydrochloric  acid  is  converted  into  compound  (I)  with  loss  of  water,  yet  in  the 
condensation  of  bromoacetophenone  with  N-plienyl-N’-p-nitrobenzoylthiourea  in  the  presence  of  triethylamine 
the  reaction  is  more  complex.  Both  by  heating  in  anhydrous  alcohol  or  benzene  or  in  methylene  chloride  at  room 
temperature  we  obtained  4-hydroxythiazolidine  compounds  which  showed  no  intermediate  substances  in  the  forma¬ 
tion  of  compound  (II).  This  hydroxy  compound  was  identical  with  2-benzoylimino-3-phenyl-4-hydroxy-4-p-nitro- 
phenylthiazolidine  (IVa)  obtained  under  the  same  conditions  by  the  condensation  of  tu-bromo-p-nitroacetophenone 
with  N-phenyl-N’-benzoylthiourea.  Compound  (IVa)  in  the  reaction  with  hydrochloric  acid  at  room  temperature 
loses  a  molecule  of  water,  giving  2-benzoylimino-3-phenyl-4-p-nitrpphenyl-4-thiazoline  (IV)  which  we  also  ob¬ 
tained  by  condensation  of  tJ-bromo-p-nitroacetophenone  with  N- phenyl- N'-benzoylthiourea  without  binding  the 
hydrogen  bromide  by  a  base.  When  compound  (IV)  was  heated  with  aqueous  alcoholic  hydrochloric  acid  it  was 
saponified  with  formation  of  2-imino-3-phenyl-4-p-nitrophenyl-4-thiazoline  (V).  The  latter  was  converted  by 
heating  with  acetic  anhydride  into  2- acetylimino- 3- phenyl- 4-p-nitrophenyl- 4-thiazoline. 

An  analogous  complex  course  of  the  reaction  also  occurs  in  the  condensation  cf  tu- bromoacetophenone  with 
N-phenyl-N’-acetylthiourea.  In  the  presence  of  triethylamine  there  is  f  armed  a  4-hydroxythiazolidine  derivative 
identical  with  that  obtained  by  us  under  the  same  conditions  from  chloroacetone  and  N- phenyl- N’-benzoylthiourea* 
2-benzoylimino-3-phenyl-4-methyl- 4-hydroxythiazolidine  (Via)  which  under  the  influence  of  hydrochloric  acid 
gives  a  2-benzoylimino-3-phcnyl-4-methyl-4-thiazoline  (VI),  identical  with  the  compound  which  we  described 
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in  the  previous  paper  fl].  Tliis  conversion  can  be  e>:pkunevi  as  fellow’s,  u- Drorncacetophenone  reacts  with  the  iso¬ 
form  of  substituted  thioureas,  giving  the  S- S -ketcdcrivativc  of  iscUiiourea. 
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In  the  latter  there  evidently  occurs  a  rearrangement  of  the  acyl  residue  and  the  benzoyl  goes  from  the  methylene 
group  to  the  nitrogen  while  the  acyl  goes  from  this  nitrogen  atom  to  the  methylene  group.  After  this  there  is  reac¬ 
tion  of  the  carbonyl  and  imino  groups  with  formation  of  4-hydrox)thiazolidine  compounds. 

To  confirm  this  suggestion  we  carried  out  condensation  of  the  components  which  contained  three  different 
substituting  groups,  u-bromo-p- nitroacctophenone  and  N'-phcnyl-N'-acctylthic::rca  in  the  presence  of  triethyl 
amine  in  methylene  chloride  at  room  temperature.  Here  exchange  of  groups  occurred  and  we  obtained  2-p  nitro- 
benzoylimino- .4- phenyl- 4-methyl -4  hydroxy’thiazolidine  ( Vila)  identical  with  that  obtained  under  the  same  condi¬ 
tions  from  chloroacetone  and  N- phenyl- N'-p-nitrobenzoylthiourea,  By  solution  of  compound  (Vila)  in  concentra¬ 
ted  hydrochloric  acid  it  was  converted  into  2-p-nitrobenzoylimino-3-phenyl-4-methyl-4-thiazoline(VTI),  iden¬ 
tical  with  that  which  we  described  in  the  previous  paper  [1]. 
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EXPERIMENTAL 

2-Benzoylimino-3.4-diphenyl-4-thiazoline  (I).  To  a  suspension  of  10.24  g  of  N-phenyl-N'- 
benzoylthiourea  in  70  ml  of  anhydrous  alcohol  was  added  8.8  g  of  (u-bromoacetophenone  in  50  ml  of  alcohol. 

The  mixture  was  boiled  with  stirring  for  five  hours.  On  cooling,  10.48  g  of  compound  (I)  separated.  Another  1.32 
g  (83.3*7")  was  obtained  from  the  mother  liquors.  After  recrystallization  from  alcohol,  m.p.  203-204",  colorless 
needles,  soluble  in  most  organic  solvents,  insoluble  in  water. 

Found  *7":  C  74.10;  H  4.55;  N  7.77;  S  9.10.  C22HKON2S.  Calculated®/".,  c  74.13;  H  4.52;  N  7.86;  S  9.00. 

The  mother  liquors  after  separation  of  compound  (I)  were  evaporated  dry,  the  residue  was  extracted  with 
water,  and  the  solution  was  made  alkaline  with  ammonia.  A  colorless  crystalline  substance  in  the  form  of  needles 
separated.  After  washing  with  water  and  drying  we  obtained  0.94  g  of  2- imino-3, 4-diphenyl- 4  thiazoline  which 
was  twice  recrystallized  from  aqueous  alcohol,  m.p.  104-106°  (according  to  the  literature,  m.p.  111°  [2]), 

Found  *70;  C  71.56;  H  4.5;  N  11.09;  S  12.84.  CjgHjjNjS.  Calculated  C  71.4;  H  4.79;  N  11.1;  S  12.71. 
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The  picratc  had  the  form  of  yellow  needles  from  alcohol,  m.p.  197-198*,  soluble  in  most  organic  solvents, 
insoluble  in  water. 

I 

Found '7  ;  N  M.5.  CijH ,2N-S-C6H307N3.  Calculated '7(’:  N  14.5. 

Compound  (1)  was  also  obtained  by  benzoylation  of  2-imino-3.4-diphenyl-4-thia7oline  and  by  the  action 
of  concentrated  hydrochloric  acid  on  compound  (la)  with  later  isolation  of  the  base  by  alkali. 

2-(p-Nitrobenzoyl)-imino-3.4-diphenyl-4-thiazoline  (II).  A  suspension  of  6.03  g  of  N- phenyl- N'-(p-nitro- 
benze^'i)- thiourea  and  4.5  g  of  (J-bromoacctophenone  in  Tu)  ml  of  anhydrous  alcohol  was  heated  to  boiling  and 
stirred.' After  13  minutes  everything  dissolved  and  then  a  yellow  precipitate  formed.  After  30  minutes  heating  was 
stopped  and  on  cooling  the  precipitate  was  filtered  and  washed  with  cold  alcohol.  After  two  recrystallizations  from 
acetone  we  obtained  6.63  g  (83^7")  of  yellow  needles,  m.p.  204-205*.  poorly  soluble  in  alcohol,  insoluble  in 
water. 

Found 'Vr;  C  63.77;  H  3.63;  N  10.4;  S  8.01.  CjzHjsOaNjS.  Calculated '7^';  C  65.82;  H  3.76;  N  10.47;  S  7.99. 

2- Acetylimino- 3,4-diphenyl- 4-thiazoline  (III).  To  a  boiling  suspension  of  3.89  g  of  N- phenyl- N’- acetyl- 
thiourea  in  20  ml  of  anliydrous  alcohol  was  added  4  g  of  u-bromoacetophenonc  in  30  ml  of  alcohol.  The  resulting 
solution  was  boiled  for  10  minutes.  On  cooling  a  precipitate  came  down  and  was  filtered  and  washed  with  alcohol 
and  water.  We  obtained  2.37  g.  A  further  1.5  g  of  the  substance  was  obtained  from  the  water  and  alcohol  mother 
liquors.  To  remove  the  starting  phenyl acetyllhiourea,  we  dissolved  the  substance  in  hydrochloric  acid,  filtered 
off  the  small  residue,  and  precipitated  with  ammonia.  We  obtained  3.7  g  of  compound  (III)  (63‘7c').  Colorless  prisms 
from  alcoliol,  m.p.  209. 3-210. .3“  (according  to  the  literature,  m.p.  210“  [2]1. 

Action  of  hydrochloric  acid  on  2-acvlimino  derivatives  of  4-thiazoline.  When  compounds  (I).  (II)  and  (III) 
were  boiled  in  aqueous  alcoholic  hydrochloric  acid,  after  evaporation  and  addition  of  ammonia  to  the  solution, 
wc  isolated  2-imino  3, 1-diphcnyl-  1-thiazolinc,  soluble  in  most  organic  solvents.  After  two  recrystallizations  from 
aqueous  alcohol,  m.p,  104-106°  (acco.ding  to  the  literature,  m.p.  Ill*  [2]). 

2-ncin'oylimiiio- 3, ■1-diphcnyl-  l-hydroxythiazolidine  (la).  To  a  boiling  suspension  of  5.12  g  of  N-phenyl- 
N'-bcn/.oylthiourca  in  30  ml  of  anhydrous  alcohol  (or  dry  benzene)  and  5.8  ml  of  triethylamine  was  added  with 
stirring  7.96  g  of  ui-bromoacetophenone  in  70  ml  of  anhydrous  alcohol  during  3  minutes,  after  which  the  reaction 
mass  was  boiled  for  13  minutes  more.  After  cooling,  the  precipitate  was  filtered  off  and  w’ashed  with  water  and 
cold  alcohol.  The  yield  of  compound  (la)  was  6.71  g  (90.3*7').  Colorless  needles  from  alcohol  with  m.p.  155.5- 
136.3”,  soluble  in  methylene  chloride,  benzene,  and  ethyl  acetate,  less  so  in  ether,  insoluble  in  water. 

Found  '7'';  C  70. ,30;  11  4,67;  N  7.74;  S  8.53;  OH  3.58.  CzjHigOzNjS.  Calculated  *7’:  C  70.55;  H  4.84;  N  7.48; 

S  8.56;  OH  4.34. 

2-Bcnzoylimino-3-phenyl-4-(p-nitrophenyl)-4-hydroxythiazolidine  (IVa).  a)  From  a>- bromo-p- nitroaceto- 
phenone  and  N-phcnyl-N’  bcnzoylthiourea.  To  a  solution  of  5.12  g  of  N-phenyl-N’ - benzoylthiourea  and  3.4  ml 
of  triethylamine  in  30  ml  of  methylene  chloride  was  added  a  solution  of  5  g  of  oi- bromo-p- nitroacetophenone  in 
25  ml  of  methylene  ch.loride.  The  darkening  reaction  mass  was  shaken  at  room  temperature  for  4.5  hours.  The 
precipitate  was  filtered  off  and  washed  several  times  with  methylene  chloride  to  remove  tarry  residues,  then  with 
water  to  remove  triethylamine  hydrochloride.  We  obtained  5.36  g  of  compound  (IVa)  and  from  the  mother  liquors 
1.4  g.  Yield  80.8*7''.  Fine  colorless  needles  (from  benzene),  m.p.  158-160*,  soluble  in  dioxane,  ethyl  acetate,  less 
so  in  benzene,  poorly  in  alcohols,  ether,  insoluble  in  ligroin  and  water. 

Found  C  63.24;  H  4.25;  N  10.18;  S  7.86;  OH  4.46.  C22H17O4N3S.  Calculated ‘7'':  C  62.99;  H  4.09;  N  10.02; 

5  7.64;  OH  4.06. 

b)  From  (ii-bromoacetophcnone  and  N-phenyl-N'-p-nitrobcnzoylthiourea.  To  a  boiUng  suspension  of  6.03  g 
of  N  phenyl- N’ -p -nitrobenzoylthiourea  in  30  ml  of  anhydrous  alcohol  and  3  ml  of  triethylamine  was  added  with 
stirring  4  g  of  u;-bromoacetophenone  in  30  ml  of  anhydrous  alcohol,  after  which  the  reaction  mixture  was  boiled 
for  5  minutes  more.  After  cooling,  the  precipitate  vv'as  filtered  off  and  washed  with  alcohol  and  water.  We  obtained 

6  g  of  a  colorless,  finely  crystalline  substance  and  2.25  g  was  isolated  from  the  mother  liquor.  After  recrystalliza¬ 
tion  from  a  mi.Nture  of  alcohol  and  acetone  and  then  from  benzene,  we  obtained  compound  (IVa)  with  m.p.  159- 
160*,  giving  no  melting  point  depression  with  the  sample  obtained  in  the  previous  experiment.  The  same  substance 
(IVa)  was  obtained  by  carrying  out  the  reaction  in  methylene  chloride  solution  at  room  temperature  for  50  hours. 
Compound  (IVa)  was  also  obtained  by  carrying  out  the  condensation  in  benzene.  The  reaction  was  accompanied 
by  evolution  of  heat. 
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methylene  chloride  and  '^2  ml  of  triethylaminc  was  added  5  g  of  a>-bromo-p-nitroacetophcnonc  in  flO  ml  of 
methylene  chloride.  The  reaction  mixture  gradually  darkened.  After  shaking  for  five  hours,  the  solution  was  evap¬ 
orated  in  a  vacuum  at  room  temperature.  The  dark  residue  was  ground  with  water,  filtered,  and  washed  well  with 
water  to  remove  triethylaminc  hydrochloride,  with  alcohol,  and  then  with  methylene  chloride  to  remove  tarry 
substances.  VVe  obtained  4.25  g  of  yellow  substance.  After  two  recrystallizations  from  alcohol  we  obtained  2.9  g 
(about  41*7'’)  of  substance  (Vila)  in  the  form  of  yellow  prisms,  m.p.  160-162°.  A  mixed  sample  with  2-p-nitroben- 
zoylimino-3-phenyl-4-methyl-4-hydroxythiazolidine  [1]  obtained  by  condensation  of  chloroarctonc  with  N- 
phcnyl-N’ -p-nitrobcnzoylthidurca  in  the  presence  of  tricthylamine  showed  no  melting  point  depression.  Under 
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the  action  of  concentrated  hydrochloric  acid  (Vila)  at  room  tcmp>crature  lost  water  with  formation  of  2-2-nitro- 
benzoylimino-3-phenyl- 4-methyl-4-thiazoline  (V^II).  A  mixed  sample  with  the, form  obtained  by  condensation 
of  chloroacetone  with  N- phenyl- N’-p  nitrobcnzcylthiourea  [1]  gave  no  melting  point  depression. 

SUMMA  RY 

1.  It  was  shown  by  the  example  of  the  condensation  of  cj-bromoacetophenone  and  its  p-nitroderivative  with 
N-phenyl-N' -acylthioureas  that  here  the  formation  of  2- acylimino-. 3- plienyl- 4- substituted  4-thiazolines  occurs 
through  the  intermediate  stage  of  the  corresponding  4-hydroxythiazolidine  compound. 

2.  It  was  demonstrated  that  in  a  number  of  cases  this  condensation  is  accompanied  by  a  rearrangement  of 
the  acyl  residues  in  the  intermediate  S-B-keto  derivatives  of  isothioureas. 

LI  TERATU  RE  CITED 

1.  K.  M.  Murav'eva  and  M.  N.  Shchukina,  Zhur.  Obshch.  Khim.  2327  (I960).* 

2.  H.  Beyer  and  G.  Ruhlig,  Ber.  111,  112(1956). 


•Original  Russian  pagination.  See  C.  B.  translation. 
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SYNTHESES  AND  REARRANGEMENTS  IN  THE  THIAZOLINE  IMINE  SERIES 


III.  THE  REARRANGEMENT  OF  2-IMINO-3- PHENYL- 4- THIAZOLINES 
INTO  2 -PHENYLAMINOTHI AZOLES 

K  .  M .  M  u  r  a  V ’ c  V  a  and  M .  N .  Shchukina 

S. Ordzhonikidze  All-Union  Research  Chemicopharmaccntiral  Institute 
Translated  from  Zhnrnal  Oh<:hchei  Khimii,  Vol.  30,  No.  7.  pp.  2340-2343, 
July,  inr.o 

Original  article  submitted  June  10,  1959 


In  the  previous  communications  fl,2]  we  have  described  the  preparation  of  2-fmino-3-phenyl-4-methyl- 
4-thiazoline  (I),  2-imino-3.4-diphenyl-4-thiazoline  (TI).  2-imino-3-phenyl-4-£-nitrophenyl-4-thiazoline  (III), 
and  2-imino-3-phenyl-4,5-cyclotetramethylene-4-thiazole  (IV)  by  short  heating  in  aqueous  alcoholic  hydro¬ 
chloric  acid  of  the  corresponding  2-acylimino  compounds. 

In  carrying  out  the  hydrolysis  under  more  severe  conditions,  namely,  by  boiling  the  acyliminc  with  hydro¬ 
chloric  acid,  we  have  showed  that  along  with  the  formation  of  the  imino  compound  there  is  also  obtained  a  deriv¬ 
ative  of  2-phenylaminothiazole.  The  rearrangement  of  the  imincs(I,  II.  Ill,  and  IV)  into  the  corresponding  2- 
phenylaminothiazoles  also  occurs  in  direct  boiling  of  the  imino  compounds  with  hydrochloric  acid.  Here,  depend¬ 
ing  on  the  substituent  in  position  4  of  the  thiazoline  ring,  it  goes  at  different  rates.  Thus,  substance  (I)  is  conver¬ 
ted  to  2-phenylamino-4-methylthiazole  (V)  by  boiling  with  10%  hydrochloric  acid  for  several  hours.  Compound 
(V)  was  identified  as  that  which  we  obtained  according  to  Traumann  from  chlcroacetone  and  phenylthiourea  [3], 
The  rearrangement  of  compound  (II)  into  2-phenyI-4-phenylthiazole  (VI)  occurred  afterboiling  for  many  days 
with  hydrochloric  acid.  Substance  (VI)  w'as  identical  with  that  described  by  Beyer  and  synthesized  from  phenyl- 
thiourea  and  cu-bromoacetophenone  [4]. 

For  carrying  out  the  rearrangement  of  compound  (IV)  into  2-phenylamino-4,5-cyclotetramethylenethiazole 
(VII)  It  was  necessary  to  boil  still  longer  with  20%  hydrochloric  acid.  Compound  (VII)  has  been  obtained  by  In¬ 
dian  authors  by  condensation  of  cyclohexanone  with  phenylthiourea  in  the  presence  of  iodine  [5].  It  is  interesting 
to  see  that  in  the  attempt  to  obtain  this  subsLince  by  condensation  of  a-chlorocyclohexanone  with  phenylthiourea 
substance  (IV)  was  obtained,  while  according  to  the  literature  such  a  condensation  of  a-haloketones  with  2-alkyl 
(aryl)  thioureas  leads  to  formation  of  2-alkyl  (aryl)  aminothiazoles  [6],  When  substance  (III)  is  boiled  for  four  days 
in  concentrated  hydrochloric  acid  rearrangement  into  2-phenylamino-4-p-nitrophenylthiazole  occurs  to  about 
the  extent  of  We  identified  the  latter  substance  with  that  obtained  from  phenylthiourea  and  tu-bromo-p- 
nitroacctophenone. 


The  occurrence  of  these  transformations  shows  that  2-imino-substituted  4-thiazolines  (I,  II,  III,  IV)  when 
boiled  with  hydrochloric  acid  undergo  rearrangement  in  which  there  is  a  transfer  of  the  phenyl  from  the  nitrogen 
of  the  ring  to  the  exocyclic  nitrogen. 
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[•ound  7<’:  C  60.50;  H  3.8S;  N  1-J.03:  S  11.02.  CisllnOzNaS.  Calculated  *70:  C  60.85;  H  3.72;  N  14.12;  S  10.78. 

Tlic  picratc  of  (VIII)  appeared  as  yellow  fibrous  crystals  (from  alcohol)  m.p.  198-199“  (decomposition),  solu¬ 
ble  in  most  organic  solvents,  insoluble  in  water. 

Found '7<':  M  15.86.  C,5H,,02N3S-C6H307N3.  Calculated N  15.9. 

Action  of  hydrochloric  acid  on  2-imino-3-phenyl-4-p-nitrophenyl-4-thiazoline  (III)  and  on  2-benzoyl- 
imino- 3- plicnyl-4-p.nitrophcnyl-4-thiazolinc.  To  0.7  g  of  (III)  was  added  20  ml  of  concentrated  hydrochloric 
acid.  The  orange  color  of  the  base  cl^anged  to  the  yellow  of  the  hydrochloride.  The  suspension  was  boiled  for  37 
hours.  Tiic  yellow  precipitate  which  appeared  on  cooling  was  filtered  off.  Evaporation  of  the  hydrochloric  acid 
mother  liqucr  gave  a  further  amount  of  hydrochloride.  The  yellow  precipitate  of  the  salt  was  washed  repeatedly 
witli  water,  and  the  precipitate  which  remained  on  the  filter  became  orange.  We  obtained  0,11  g  of  substance 
which  after  recrystallization  from  alcohol  consisted  of  needles,  m.p.  208.5-210*.A  sample  mixed  with  (VIII)  obtain¬ 
ed  by  the  above  method  gave  no  melting  point  depression. 

Tlie  wash  water  was  made  alkaline  with  ammonia  and  evolved  0.45  g  of  an  orange  precipitate;  triangular 
plates  from  alcohol,  m.p.  156-  158“.  A  sample  mixed  with  (III)  gave  no  melting  point  depression. 

When  2-benzoylimino-3-phcnyl-4-p-nitrophenyl- 4-thiazoline  was  boiled  in  concentrated  hydrochloric  acid 
for  two  days  it  also  evolved  a  mixture  of  2-phenylamino-4-£-nitrophenylthiazolc  and  2-imino- 3- phenyl- 4-£- 
nitrophenyl-  4-thiazoline. 

Action  of  hydrochloric  acid  on  2-acetylimino-3-phenyl-4,5-cyclotctramcthylene-4-thiazoline  and  on  2- 
imino- 3- phenyl- 4,5-cyclotc!iamet'nvlcn<i-4-tluazoline  (IV).  A  solution  of  1.36  g  of  2-acetyUmino-3-phenyl-4,5= 
cyclotetraincthylene-4-thiazolinc  in  1C  ml  of  2()^'/‘''  hydrochloric  acid  was  boiled  for  130  hours  after  which  the  reac¬ 
tion  mass  was  evaporated,  the  residue  dissolved  in  water,  and  the  base  precipitated  by  ammonia.  The  large  color¬ 
less  crystals  on  the  filter  deliquesced  into  a  carameMike  substance  which  was  a  mixture  of  (IV)  and  (VII).  For  the 
isolation  of  the  individual  substances  we  used  fractional  precipitation  of  the  picrates.  In  the  first  fraction  we  ob¬ 
tained  the  picratc  of  2-phcnylamino- 4,5-cyclotetramethylcne-4-t!uazoline  as  yellow  prisms  (from  alcohol), 
m.p.  201-202“. 

Found 'y<’:  C  49.94;  H  3.73;  N  14.92;  S  6.93.  Ci3H,4N2S-C6H307N3.  Calculated ‘T’o;  C  49.8;  H  3.71;  N  14.2; 

S  7.00. 

The  later  fraction  was  the  picrate  of  2-imino-3  phcnyl-4,5-cyclotetramethylene-4-thlazoline  which  was 
almost  insoluble  in  alcohol.  After  recrystallization  from  acetic  acid,  needles  with  m.p.  228-230“  (decomposition). 

Found ‘7<  ;  N  15.12.  Ci3Hi4N2S-C6H307N3.  Calculated n  15.2. 

A  mixed  sample  of  this  picrate  with  the  picrate  obtained  from  2-imino-3-phenyl-4,5-cyclotet:amethylene- 
thiazoline  described  in  the  previous  work  [1]  gave  no  melting  point  depression.  The  same  picrate  was  isolated 
after  boiling  0.69  g  of  2-imino- 3- phenyl- 4, 5-cyclotetramethylene- 4-thiazoline  with  7  ml  of  20‘7t'hyclrochlotic  . 
acid  for  90  hours. 

2-Imino-3-phen\l-4,5-cyclotctramethylene-4-thiazoline  (IV).  A  suspension  of  1.52  g  of  phenylthiourea  and 
2  g  of  a-chlorocyclohexanonc  in  25  ml  of  anhydrous  alcohol  was  boiled  for  two  hours.  The  solution  was  evapora¬ 
ted  dry  and  the  residue  was  treated  with  water  and  ether.  The  water  layer  was  made  alkaline  v/ith  ammonia  and 
extracted  with  ether.  After  drying  the  ether  extract  it  was  evaporated  and  the  residue  was  treated  with  dry  ether 
in  which  part  of  the  substance  (0.25  g)  did  net  dissolve.  This  was  phenylthiourea  which  had  not  reacted.  The  ether 
solution  was  evaporated  and  the  residue  was  recrystallized  from  50‘7o  alcohol.  We  obtained  0.7  g  of  substance  with 
m.p.  114-116“;  after  recrystallization  from  alcohol,  colorless  rectangular  prisms,  m.p.  117-119“,  easily  soluble 
in  most  organic  solvents,  insoluble  in  water.  A  sample  mixed  with  imine  (IV)  obtained  by  saponification  of  2-acyl- 
imino-3-phenyl-4,5-cyclotetfamethylenethiazoles  in  aqueous  alcoholic  solution  [1]  gave  no  melting  point  depres¬ 
sion.  The  picrate  was  also  identical,  m.p.  228-230“  (decomposition). 

SUMMARY 

In  a  number  of  examplesit  has  been  shown  that  when  substituted  2-imino- 3-phenyl- 4- thiazolines  are  boiled 
with  hydrochloric  acid,  they  are  rearranged  into  the  corresponding  2-phenylaminothiazoles,  and  a  mechanism  for 
this  transformation  has  been  suggested. 
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This  rearrangement  of  the  substUuteJ  n-paen)]t!iia.:jIone- 2-innJes  can  he  expiaiaeJ  as  follows,  fader  the 
action  of  hvdrorcn  chloride  there  occurs  formation  of  a  calt  v/irh  addition  of  a  p'-oton  to  the  nitro’^on  of  the  rinc, 
due  to  vvhich  tlicre  is  a  decrease  in  strength  of  the  ‘h  ’  bond,  and  this  bor.  '  ’s  raptured  with  polar' rtation  of  the 
molecule  at  C4  and  tlie  nitrogen  of  the  iinino  group.  A  bond  is  formed  between  these  atoms  with  formation  of  the 
substituted  2-phenylaminothIazole. 

EXPERIMENTAL 

2-Phenylamino  4-mcthylthiazole  (V).  A  suspension  of  l.b2  g  of  phcnylthiourea  and  1.85  g  of  chloroacetone 
In  40  ml  of  alcohol  was  boiled  with  stirring  for  one  hour.  The  solution  was  evaporated  dry  and  the  residue  was 
treated  with  water,  then  made  alkaline  with  ammonia  and  extracted  several  times  with  ether.  After  drying  and 
distillation  of  the  ether  we  obtained  1.75  g  of  a  substance  easily  soluble  in  most  organic  solvents,  insoluble  in 
water.  After  rccrystallization  from  alcohol,  colorless  needles  with  m.p,  116.5-118*  (According  to  the  literature 

[3] :  m.p.  115-117"  and  117-118"). 

Action  of  hydrochloric  acid  on  2-benzoylimino-3-phenyl-4-methyl-4-thiazoline.  A  solution  of  0.15  g  of 
2-benzoylimino-3-phcnyl-4-mcthyl-  4-thiazolinc  in  concentrated  hydrochloric  acid  was  boiled  for  ten  hours. 
Sublimation  of  bcn.-oic  acid  was  ob.'crved,  .md  after  cooling  the  rcacticn  mass  0.05  g  of  this  was  isolated  and  i- 
dentified.  We  isolated  from  the  mother  liquor  with  bicarbonate  O.08  g  of  sub.stance  with  m.p.  115-117®.  A  sample 
mixed  with  sub.stance  (V’)  obtained  by  the  mciluxi  described  ai)ovc.  gave  no  depression  of  the  molting  point.  When 
the  water  mother  liquors  were  later  made  alkaline  wit!:  ammonia  wc  iscl.atcd  0.01  g  of  a  white,  crystalline  sub¬ 
stance  with  m.p.  84-86",  identical  v;iih  2-imino- 8-phenyl- l-mcthylthiazolinc  described  in  the  preceding  work 

[4] . 

2-Imino- 8-phcnyl- 4-mcthyl-4  thiazoline  picrate  consisted  of  yellow  prisnrs  ( from  alcohol),  m.p.  197.5- 
199"  (decomposition),  soluble  in  acetone,  ethyl  acetate,  alcohols,  more  difficultly  so  in  ether,  insoluble  in  water. 

Found N  16.58.  C,oH,oN2S-C6il307N3.  Calculated ‘7'’;  N  16.63, 

Action  of  hydrochloric  acid  on  2-imino-3-phenyl-4-methyl-4-thiazoline  (I).  A  solution  of  0.29  g  of  (I)  in 
10  ml  of  10*70  hydrochloric  acid  was  boiled  for  nine  hours.  After  cooling  the  reaction  mass  we  isolated  with  am¬ 
monia  0.27  g  of  a  white  crystalline  substance  with  m.p.  114-116*.  After  recrystallization  from  aqueous  alcohol, 
needles  with  m.p.  117-118".  A  sample  mixed  with  substance  (V)  gave  no  depression  of  the  melting  point. 

The  picrate  consisted  of  yellow  needles  (from  alcohol),  m.p.  209-210*.  more  difficultly  soluble  in  organic 
solvents  than  the  picrate  of  2-imino-3-phcnyl-4-methyl-4-thiazolinc. 

Found '7^:  C  45.86;  H  3.17;  N  16.58;  S  7.73.  CioHioNzS-CgHaOrNa.  Calculated  C  45.9;  H  3.1;  N  16.68; 

S  7.67. 

Action  of  hydrochloric  acid  on  2-imino- 3.4-diphenyl-4-thiazoline  (II).  A  solution  of  0..2  g  of  substance  (II) 
in  40  ml  of  20*7''  hydrochloric  acid  was  boiled  fer  150  hours.  After  treatm.ent  with  charcoal  and  distillation  of  the 
solvent  the  reaction  mass  was  made  alkaline  and  extracted  with  ether.  From  the  dried  ether  extract  we  obtained 
0. 18  g  of  2-phenylamino-4-phenyl-4-thiazoline  (VI),  needles  (from  alcohol):  m.p.  136-138".  According  to  the  literature 
[4],  m.p.  139-140",  138".  There  is  no  depression  of  the  melting  point  with  the  substance  obtained  by  condensation 
of  phcnylthiourea  with  cj-bromoacetophenone  (according  to  Beyer). 

Substance  (VI)  was  converted  to  the  picrate,  light  yellow  needles  (from  alcohol),  m.p.  181-182*  which  agreed 
with  the  literature  [7].  A  sample  mixed  with  the  picrate  of  2-phenylamino-4-phenylthiazole  obtained  according 
to  Beyer  also  gave  no  melting  point  depression. 

Found  I0;  N  14.25.  CisHizNzS-CjHgChNa.  Calculated ‘7'’:  N  14.5. 

2-Phenylamino-4-p-nitrophenylthiazole  (VIII).  To  a  suspension  of  1.52  g  of  phcnylthiourea  in  25  ml  of 
alcohol  was  added  with  stirring  3  g  of  cu-bromo-£-nitroacetophenone  in  25  ml  of  alcohol.  The  reaction  mass  grew 
warm,  the  white  phcnylthiourea  dissolved,  and  a  yellow  precipitate  appeared;  2  phenylamino-4-p-nitrophenyl- 
thiazole  hydrobromide.  After  15  minutes  heating  to  boiling,  the  reaction  mass  was  cooled,  and  the  precipitate  of 
hydrobromide  was  filtered  off  and  washed  with  alcohol.  When  treated  with  water  it  hydrolyzed  with  formation  of 
the  orange  base  (VIII)  (2.77  g,  and  0.2  g  from  the  mother  liquor).  After  recrystallization  from  acetic  acid  we  ob¬ 
tained  2.58  g(87.2*7f')  of  substance  (VIII)  with  m.p.  209-210";  easily  soluble  in  methylene  chloride,  ethyl  acetate 
and  acetone.  It  crystallized  from  alcohol  in  fibrous  needles. 
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In  previous  communications  [1,  2]  we  showed  that  2-acyl{mIno-3-phenyl-4-substituted  4-thiazolines  are 
formed  through  the  corresponding  4-hydroxytluazolidine  derivatives.  As  intermediate  products  we  isolated  such 
hydroxy  derivatives  as  2-benzoyl-  (la),  2-p-nitroben7oyi-(IIa),  and  2-acetyl-(lIla)  imino-3-phenyl-4-methyl-4- 
hydroxythiazolidines  and  2-bcnzoylimino-3,4-diphcnyl-4-hydroxythiazolidine  (IVa). 

In  ilic  present  work  we  investigated  the  action  of  acetyl  chloride  and  acetic  anhydride  on  these  hydroxy- 
tliiazoliclinc  compounds.  It  was  found  that  O-acctylation did  not  occur.  The  action  of  acetic  anhydride  or  acetyl 
chloride  on  compounds  (la)  and  (Ila)  eliminated  a  water  molecule  and  formed  2-benzoylimino-3-phenyl-4-methyl- 
4-thiazolinc  (I)  and  2-p-nitrobenzoylimino-3-phenyl-4-methyl-4-thiazoline  (II).  The  structure  of  compounds  (1) 
and  (II)  was  demonstrated  by  their  synthesis  [1]  from  chloroacetone  and  the  corresponding  N-phenyl-N’-acetyl- 
thiourcas. 


When  the  hydroxythlazolidine  derivative  (Ilia)  was  heated  with  acetic  anhydride,  the  reaction  proceeded  in 
two  directions.  Together  with  the  elimination  of  a  water  molecule  and  the  formation  of  2-acetylimino-3-phenyl- 
4-methyl-4-thiazoline  (identical  with  that  obtained  from  chloroacetone  and  N-phcnyl-N'-acetylthiourea  [1]) 
there  was  formed  2-(N-phenyl-N-acetyl)  amino-4-methyl-5-acetylthiazolc  (V),  which  was  shown  to  contain  a 
keto  group  by  means  of  the  infrared  spectrum.  When  heated  with  hydrochloric  acid,  compound  (V)  was  hydrolyzed 
with  the  formation  of  2-phenylamino-4-methyl-5-acetylthiazole  (VI),  which  gave  a  characteristic  reaction  for  a 
keto  group  with  dinitrophenylhydrazine.  The  structure  of  compound  (VI)  was  demonstrated  by  synthesis  [1]  from 
diacetylchloromethane  [3]  and  phenylthiourea. 

An  analogous  conversion  occurred  with  compound  (IVa),  which,  on  treatment  with  acetic  anhydride  and  also 
acetyl  chloride,  lost  a  water  molecule  and  formed  2-benzoylimino-3,4-diphenyl-4-thiazolinc  (IV),  which  we 
also  obtained  by  condensation  of  u-bromoacetophenone  with  N-phenyl-N’-benzoylthiourea  [1],  and  2-(N-phcnyl- 
N-acetyl)  amino-4-phcnyl-5-benzoylthiazole  (\TI),  which  was  shown  to  contain  a  keto  group  by  the  infrared 
spectrum.  Substance  (VII)  was  hydrolyzed  with  20‘7o  hydrochloric  acid  to  form  2-phenylamino-4-phenyl-5-benzoyl- 
thiazolc  (\UII).  The  structure  of  the  latter  was  demonstrated  by  synthesis  from  phenylthiourea  and  dibenzoylchlofo- 
methane,  which  was  obtained  by  chlorination  of  dibcnzoylmetliane  with  sulfiu-yl  chloride  in  analogy  with  the 
clilorination  of  acctylacetonc  [3].  Compounds  (VI)  and  (VIII)  were  acetylated  by  acetic  anliydride  to  compounds 
(V)  and  (Vll). 
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These  ronvi.  rsions  apparently  may  be  explained  in  the  following  way.  The  action  of  acetic  anhydride  on 
substances  (Ilia)  and  (IVa)  produced  opening  of  the  thiazolidine  ring  at  tlie  3—4  bond  with  the  formation  of  S-B  - 
keto  derivatives  of  isothiourea  and  acetylation  of  the  secondary  amino  group.  In  these  intermediate  keto  com¬ 
pounds,  the  hydrogen  atoms  of  the  methylene  group  have  a  high  lability  and  readily  react  with  the  carbonyl  of 
the  acyl  residue  on  the  imino  group  to  form  compounds  (V)  and  (VII).  We  observed  this  reactivity  of  the  methylene 
group  in  S-B -keto  derivatives  of  isothiourea  in  the  formation  of  2-phenylamino-4-methyl-5-acetylthlazole  from 
N-phenyl-N’-acetylthiourea  and  chloroacetone  in  alcohol  in  the  presence  of  trlethylamlne  [1]. 

Tliis  peculiar  closure  of  the  thiazole  ring,  which  Involves  elimination  of  a  water  molecule  at  the  expense 
of  the  hydrogen  atoms  of  the  methylene  group  between  the  sulfur  and  the  carbonyl  group  and  the  oxygen  of  the 
N-acetyl  residue,  was  described  by  P.  M.  Kochergin  for  the  fOTmation  of  3-methylImldazo-(2,l-b)-thlazolyl-2- 
alkyl  (aryl)  ketones  from  N-acetyl  derivatives  of  2-B  -ketoalkyl  (atyl)-mercaptolmidazoles  [5], 
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EXPERIMENTAL 

1.  2-BcnzoyIimino-3-phenyl-4-methyl-4-thiazoline  (I).  To  a  solution  of  1.25  g  of  2-benzoylimlno-3- 
phenyl-4-methyl-4-hydroxythiazolidinc  in  8  ml  of  pyridine  at  50*  was  added  0.3  ml  of  acetyl  chloride.  The  re¬ 
action  mixture  was  heated  at  40-50"  for  3  hr.  iTie  precipitate  was  collected  and  washed  with  benzene,  ether, 
and  water  and  had  m.p.  156-158".  A  mixed  sample  (from  alcohol)  with  2-benzoylimlno-3-phenyl-4-methyl-4- 
thiazoline  obtained  by  condensation  of  chloroacetone  with  N -phenyl- N’-benzoylthiourea  [1]  did  not  show  depress¬ 
ion  of  melting  point.  Compound  (I)  could  also  be  obtained  by  boiling  compound  (I)  with  acetic  anhydride  and  by 
recry’Stallization  of  the  latter  from  acetic  acid. 

2.  2-p-Nitrobenzoylimino-3-phenyl-4-methyl-4-thiazoline  (IT).  To  1.79  g  of  2-p-nltrobenzoyllmIno-3- 
phenyl-4-methyl-4-hydtoxythiazolidine  was  added  5  ml  of  acetic  anhydride.  The  reaction  mixture  was  boiled 
until  darkening  began.  The  precipitate  was  filtered  from  the  cooled  mixture  and  washed  with  etlier.  We  obtained 

l. 23  g  of  a  substance  with  m.p.  181-183".  A  mixed  melting  point  with  2-p-nltrobenzoylimino-3-phenyl-4-metliyl- 
4-thiazoline  obtained  by  condensation  of  chloroacetone  with  N-phsnyl-N'-p-nitrobenzoylthiourea  [1]  was  not 
depressed.  A  further  amount  of  substance  (II)  was  isolated  from  the  mother  solution.  Substance  (II)  was  also  obtained 
by  the  reaction  of  compound  (Ua)  with  acetyl  chloride  and  also  by  rccrystalllzation  of  (Ila)  from  acetic  acid, 

3.  Action  of  acetic  anhydride  on  2-acetylimino-3-phenyl-4-methyl-4-hydroxythlazolidine  (Ilia).  To  1,25  g 
of  2-acetylimino-3-phenyl-4-methyl-4-hydroxythiazolidinc  was  adaed  5  ml  of  acetic  anhydride.  The  reaction 
mixture  was  heated  until  the  solution  darkened.  The  precipitate  was  filtered  from  the  cooled  mixture  and  washed 
with  ether.  We  obtained  0.5  g  of  2- (N-phenyl-N -acetyl)  amino-4-methyl-5-acetylthiazole  (V).  By  pouring  the 
mother  solution  into  water,  we  Isolated  a  further  0.21  g  of  substance  (V).  The  pearly,  hexagonal  platelets  had 

m. p.  174-175*  (from  507o  CHsCCXDH)  and  were  soluble  in  methylene  chloride,  ethyl  acetate,  dlchloroethane, 
benzene,  and  alcohols,  less  soluble  in  ether,  and  insoluble  in  water. 
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Found  '7-  C  H  .\20;  N  I''.:"?;  S  n.Sfi.  C,.jHiO,\VS.  Cnlciibtcd  C  61.5;  H  5.2;  N  10.22;  S  11.65. 


Hvaporation  of  the  aqueous  acetic  acid  mother  solution  in  vacuum  and  recrystallization  of  the  residue  frorri 
aqueous  acetic  acid  and  then  from  alcohol  yielded  0.23  g  of  colorless  crystalline  prisTTis,  aggregated  in  nodules, 
with  m.p.  182-183*.  A  mixed  melting  point  with  2-acetylimino-3-phenyl-4-methyl-4-thiazoline  (III)  obtained 
by  condensation  of  N-phcnyl-N'-acetylthiourea  with  chloroacctone  [1]  was  not  depressed. 

4.  2-Piicnylamino-4-mcthyl-5-acetylthiazole  (VI).  A  solution  of  0.16  g  of  2-(N-phenyl-N-acetyl)  amino- 
4-mcthyl-5-acctylthiazolc  was  boiled  in  2050  hydrochloric  acid  for  3.5  hr.  The  reaction  mixture  was  then  evapora¬ 
ted  to  colorless  substance  (VI),  which  was  readily  soluble  in  most  organic  solvents  and  insoluble  in  water;  It  had 
m.p.  152-153*  (from  alcohol).  A  mixed  melting  point  with  2-phenylamino-4-methyl-5-acetylihiazole  obtained 
by  condensation  of  phcnylthiourea  with  diacctylchloromethane  [1]  was  not  depressed. 


5.  Acetylation  of  2-phenylamino-4-methyl-5-acetylthiazole  (VI).  A  mixture  of  2.32  g  of  2-phenylamlno- 
4-methyl-5-acctylthia7oIc  and  9.3  ml  of  acetic  anhydride  was  heated  on  a  boiling  water  hath  for  9  hr.  The 
precipitate  was  filtered  from  the  cooled  miAture  and  washed  with  ether.  We  obtained  2.46  g  of  2-(N-phenyl-N- 
acetyl)  amino- 4-mcthyl-5-acetylthiazole  with  m.p.  173-174®.  A  further  0.26  g  of  the  substance  was  isolated  from 
the  mother  solution.  Rccrysrallization  from  alcohol  or  acetic  acid  yielded  pearly  platelets  witli  m.p.  174-175*.  A 
mixed  melting  point  with  the  acetylation  product  of  2-pli<.-.nylamino-4-merhyl-5-acctyUhiazoic  obtained  from 
phcnylthiourea  and  diacctylchloromethane  [1]  was  not  depressed. 


6.  Action  of  acetic  anhydride  on  2-benzovlimino-3.4-diphenyl-4-hydroxythiazolidine  (IVa).  To  1.12  g  of 
2-bcn7oylimino-3,4-diphenyl-4-hydroxythiazolidine  was  added  6  ml  of  acetic  anhydride.  The  reaction  mixture 
was  heated  on  a  boiling  water  bath  with  stirring  for  1.5  hr.  The  dark  mixture  was  poured  into  water.  The  precipitate 
was  collected  and  washed  with  water.  We  obtained  1.11  g  of  a  substance,  which  was  rccrj'stallizcd  twice  from 
acetic  acid  to  give  colorless  prisms  of  2-(N-phenyl-N-acetyl)-amino-4-phenyl-5-benzoylthiazole  (VII)  with 
m.p.  197.5-198.5*;  the  substance  was  soluble  in  methylene  chloride,  dichloroethane,  chloroform,  dioxane,  benzene, 
and  etliyl  acetate,  less  soluble  in  alcohols  and  ether,  and  insoluble  in  ligroin  and  water. 

Found  C  72.84;  H  4.67;  N  7.01;  S  7.99.  C24H18O2N2S.  Calculated  %:  C  72.6;  H  4.53;  N  7.05;  S  8.07. 


A  mixed  melting  point  with  compound  (VII)  obtained  by  acetylation  of  2-phenylamino-4-phenyl-5-benzoyl- 
thiazole  which  was  prepared  by  condensation  of  dibenzoylchloromcthane  with  phenylthiourca  was  not  depressed. 

From  the  acetic  acid  mother  solution  from  the  first  recrystallization  we  isolated  a  precipitate  of  long, 
colorless  needles  with  m.p.  203-204*  (from  alcohol).  The  substance  dissolved  in  most  organic  solvents,  but  not  in 
water.  A  mixed  melting  point  with  2-benzoylimino-3,4-diphcnyl-4-thiazolinc  obtained  by  condensation  of  N- 
phenyl-N’-benzoylthiourea  with  cu-bromoacetophenone  [2]  was  not  depressed.  Compound  (VII)  was  also  obtained 
by  the  reaction  of  compound  (IVa)  with  acetyl  chloride. 

7.  Dibenzoylchloromcthanc.  To  a  solution  of  6.72  g  of  dibenzoylmethane  [6]  in  20  ml  of  anhydrous  benzene, 
stined  at  room  temperature,  was  added  3  ml  of  sulfuryl  chloride.  The  reaction  mixture  was  stirred  for  5  hr.  After 
removal  of  the  solvent  in  vacuum,  the  solid  residue  was  recrystallized  three  times  from  methanol.  Dibenzoylchloro 
methane  was  isolated  as  needles  with  m.p.  87-88®  [4]. 

8.  2-Phenylamino-4-phenyl-5-ben7oylthiazole  (VIII).  a)  From  2-(N-phcnyl-N-acctyl)amino-4-phenyl-5- 
benzoylthiazole  (MI).  A  solution  of  0.42  g  of  2-(N-phcnyl-N-acetyl)  amino-4-phenyl-5-benzoylthiazole  in  60 
ml  of  207o  hydrochloric  acid  was  boiled  for  26  hr.  The  precipitate  was  collected  and  washed  with  water.  Com¬ 
pound  (VIII)  was  obtained  as  square  platelets  with  m.p.  196.5-197.5*  (from  alcohol),  which  were  readily  soluble 
in  most  organic  solvents  and  insoluble  in  water.  A  mixed  melting  point  with  2-phenylamino-4-phenyl-5-benzoyl- 
thiazole  obtained  by  condensation  of  dibenzoylchloromethane  with  phcnylthiourea  was  not  depressed. 

Found  %:  C  74.07;  H  4.41;  N  7.83;  S  8.77.  C22H,eON2S.  Calculated  C  74.13;  H  4.52;  N  7.86;  S  8.99. 

b)  From  phcnylthiourea  and  dibenzoylchloromcthanc.  To  a  suspension  of  0.76  g  of  phcnylthiourea  In  25  ml 
of  anhydrous  alcohol,  stfrrcd  at  room  temperature,  was  added  a  solution  of  1.39  g  of  dibenzoylchloromcthanc  in 
25  ml  of  alcohol.  The  solution  was  boiled  for  3  hr.  The  reaction  mixture  was  evaporated  to  dryness  and  the  residue 
repeatedly  extracted  with  water  and  tiien  alcohol.  We  obtained  0.97  g  of  a  colorless  crystalline  substance,  which 
was  recrystallized  from  alcohol  and  then  benzene  to  yield  prisms  with  m.p.  196.5-197,5*.  A  mixed  melting  point 
with  substance  (VIII)  obtained  by  method  (a)  was  not  depressed. 
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SU  MM  ARY 


1.  It  was  shown  that  when  treated  with  acetic  anhydride  or  acetyl  chloride,  2-acylamlno-3-phenyl-4- 
hydroxy-4-stthstitutcd  fhiazolidines  lose  water  and  arc  converted  into  the  corresponding  derivatives  of  4-thiazoline. 

2.  It  was  found  that  in  addition  to  tlic  above  reaction,  soir.’:  4-hydroxythiazolldine  compounds  also  undergo 
conversion  to  5-acyl  derivatives  of  thiazole  under  the  action  of  acctylating  agents.  This  is  apparently  explained 
by  opening  of  the  ring  at  the  3—4  bond  with  subsequent  acetylation  of  the  secondary  amino  group  and  cycllzatlon 
of  the  Intermediate  S-fl  -keto  compound  formed. 
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We  have  shown  previously  that  dialkylphosphorous  acids  combine  with  unsaturated  hydrocarbons  in  the 
presence  of  peroxides  or  by  irradiation  with  ultraviolet  light  [1].  The  combination  occurs  by  a  chain  radical 
mechanism. 

In  the  present  work  we  have  studied  the  addition  reaction  of  dialkylthiophosphorous  acids  and  acid  esters 
of  substituted  phosphinic  acids.  As  tfie  dialkylthiophosphorous  acids  we  have  used  diethyl,  di-n-propyl,  diiso¬ 
propyl,  and  di-n-butylthiophosphorous  acids.  As  the  esters  of  the  phosphinic  acids,  we  have  used  the  methyl, 
ethyl,  and  butyl  esters  of  ethylphosphinic  acid,  and  the  methyl  and  ethyl  esters  of  phenylphosphinic  acid.  Addition 
was  carried  out  with  hydrocarbons  of  the  aliphatic  series,  l-hcptcne  to  l-undcccne,  and  also  cyclohcxcne.  The 
reaction  took  place  with  irradiation  of  the  reaction  mixture  by  a  mercury- quartz  lamp,  or  by  heating  in  the 
presence  of  benzoyl  peroxide. 


In  each  case  we  obtained  the  same  esters  of  alkylthiophosphonic,  dialkylphosphlnic,  and  alkylphenylphos 
:  acids  with  yields  of  40-65°Io,  We  suggest  the  following  mechanism  for  the  reactions: 

la 

(ROJoF’Sll  f-/iv  — >  (R0)2PS.  +H. 

lb 

(ROJaPSH-f-QHcCOO.  —  CelloCOOH (ROJjPS  • 

2. 

R_CH=Cll2  4- (RO)2PS-  — >  R-CH-CH2— F-(0R)2 

3. 

R-f;H-CH2-P(S)(ORo) -f  (R0)2rsii  —  R-Cll2CH2l^OR)2-l- 

+  (R0)2PS.  etc. 

4. 

R— C-H— CII2— PS(UR)2-f  R-CM=CH2  — >► 

— *■  (RO)2r(S)Cl!2— CIl-CIIo— cn— U  etc. 

I 

\{ 

Reactions  ( 1-3)  describe  the  initiation,  growth  and  formation  of  the  reaction  product;  reaction  (4)  shows 
the  formation  of  a  polymeric  residue  due  to  further  reaction  of  telomerization.  The  pol)Tncrs  are  formed  to  the 
extent  of  10-157o  of  the  addition  products.  Dialkylphosphorous  acid  and  the  acid  esters  of  phosphinic  acids  also 
combine  with  olefins  in  the  absence  of  a  catalyst,  by  heating  the  reagents  at  135-140“.  The  addition  compounds 
were  prepared  under  conditions  of  irradiation,  and  in  the  presence  of  benzoyl  peroxide.  It  should  be  noted  that 
the  starting  reagents  were  used  in  the  freshly  distilled  form,  but  no  measures  for  the  removal  of  oxygen  and  traces 
of  peroxide  were  used.  In  the  case  of  cyclohexene  we  compared  the  effect  of  the  nature  of  the  radicals  in  the  di¬ 
alkylthiophosphorous  acids  cm  the  rate  of  the  addition  reaction.  The  rate  at  which  the  reaction  occurred  was 
characterized  by  the  change  in  concentration  of  acid  in  the  reaction  mixture.  It  was  shown  that  with  increase  of 
the  radical  the  yield  of  phosphonic  ester  gradually  and  slowly  decreased  (see  Fig.  1). 
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TABLE  1 

Alk>thiophosphonic  esters 
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10 

0,0 11 21 

iso -Call 7 

72 

1.50-I5I  (1) 

11 

i-’cHn 

n-C.5H7 

44 

129  (2) 

12 

c^tHio 

n-tlall: 

43 

140 — 1  i7  (2) 

13 

Co  11,0 

n -Call  7 

38 

148-118.5  (2) 

14 

CoHi, 

n-CiHg 

58 

141  —  142.5  (2) 

15 

n-k.^Hg 

00 

161  (3) 

10 

k^lli: 

n-C4llg 

66 

1G.5— 166  (2.51 

17 

Collio 

n-C4ll9 

50 

166 — 167  (1.5) 

TABLE  2 


V' 

d,”  , 

Mn„  i 

P  content,  °]o 

1  I 

Found  Calc.  | 

Found ' 

Calc. 

1.4SS8 

1.0577 

6 1.49 

64.54 

13.20 

13.13 

1.1640 

0.9800 

70.94 

71.34 

11.99 

12.3 

1 .4645 

0.9721 

75.54 

75.96 

11.82 

11.65 

1 .1646 

0.96.35 

89.39 

89.58 

1 1.18 

11.07 

1 .4648 

0.9590 

84.78 

85.20 

10.56 

10.54 

1.4660 

0.9.558 

89.25 

89.81 

10.23 

10.06 

1 .4.560 

(1.9161 

89.39 

80.57 

1 1.27 

1 1 .07 

1 .4565 

0.9409 

84.96 

85.20 

10.73 

10.54 

1 .4585 

(1.9312 

90.93 

89.806 

10.40 

10.06 

1 .4.590 

0.9395 

91.59 

94.42 

9.83 

9.62 

1.4812 

1 .023 1 

73.82 

73.87 

1 1 .74 

11.74 

1 .1625 

0.9485 

81.19 

80.68 

10.60 

11.07 

1 .1615 

0.9444 

89.91 

89.93 

10.20 

10.06 

1 .18.37 

1.9026 

83.32 

83.21 

10.90 

10.61 

1 .4622 

(•.9168 

89.45 

S9..82 

10.20 

;  10.06 

1 .4638 

0.9378 

94.62 

91.44 

9.62 

!  9.13 

1.4630 

0.9380 

98.70 

1  99.16 

9.50 

1  i(  ')■) 

\ 

Alkylphenyl  and  Dialkylphosphinic  acids 


/  \ 

R‘  OR" 


i 

No. 

Meaning  j 

Yield,  % 

B.  p.  (pressure 
in  mm) 

ria’” 

J.-o 

MHo 

P  content,  % 

Ji 

i  ' 

Ji'  ,  li" 

Found 

Calc. 

1 

Foundj  Calc. 

: 

I 

Qll.-, 

Cgll,,!  C0II3 

.33 

182-183=  (lU) 

1.5288 

1.1010 

70.62 

70.79 

12.29 

12.3 

0 

^9!  ho 

45 

192  (10» 

1.4989 

1.0085 

78.00 

77.61 

11.52 

11. .56 

s 

''fill.-, 

CJI,;i  (.31- 

37 

174 — 175  (2) 

1.5()90 

1.0101 

82.12 

82.23 

1 1 .05 

10.99 

4 

C„ll,„'  Co  Ur. 

69 

1S7-18S.5  (2) 

1 .4970 

0.9922 

87.24 

86.84 

10.55 

10.47 

5“ 

71 

199—290  (5.5) 

1.4929 

0.9851 

91.33 

91.46 

10.14 

10 

6 

( i()  1  i  ]  0^  ^  *  i  i  ‘j 

35 

180—182  (2) 

1 .5000 

1.0163 

8 1 .62 

82.23 

10.96 

10.99 

Co  1  1 

Coll„i  Coll- 

2b 

142—143  (11) 

1.4705 

1.0241 

.55.59 

.5.5.92 

15.03 

1.5.19 

8 

(filial  Coll., 

o7 

147—148  (19) 

1 .4440,  0  9.3.50 

62.53 

62.74 

14.15 

14.09 

9 

C-II5 

Cglligl  C.Olr, 

65 

172  (12» 

1.4460 

(i.9.310|  71.06 

71.97 

12. .56 

12..5() 

10 

C„Hi,-  Cll, 

40 

1  126—127(11) 

1.47.55 

;  1.04711  51.07 

51.30 

16.50 

16.31 

11 

C7II,-,  C4Hg 

1 

46 

j  170—171  (i:o 
i 

i 

1 

0.9232 

7 1 .64 

i 

71.97 

12.49 

12.50 

I 

The  esters  of  alkylthiophosphonic  acids  are  colorless  liquids  with  a  characteristic  odor,  almost  insoluble  in 
water,  easily  soluble  in  alcohol,  ether,  benzene,  dioxane,  and  carbon  tetrachloride.  Their  characteristics  are 
given  in  Table  1. 

The  esters  of  dialkylphosphinic  and  alkylphenylphosphinic  acids  are  also  colorless  liquids  with  weak  odors, 
insoluble  in  water  and  soluble  in'organic  solvents.  The  data  are  given  in  Table  2.  By  saponification  of  these  esters 
with  hydrochloric  acid  we  obtained  the  corresponding  dialkylphosphinic  and  alkylphenylphosphinic  acids.  These 
were  crystalline  substances,  poorly  soluble  in  water,  easily  so  in  alcohol,  ether,  benzene,  and  dioxane.  Their 
characteristics  are  given  in  Table  3. 


2329 


Time  of  reaction  (hours) 


Fig.  K  Rate  of  reaction  of  cyclohexene 
in  ultraviolet  light  with  dialkylphosphorous 
acids.  1)  Dicthylthiophosphorous  acid;  2) 
di-n -propyl thiophosphorous  acid;  3)  di-n- 
butylthiophosphorous  acid. 


Time  of  reaction  (hours) 


Fig.  2.  Rate  of  reaction  of  l-heptene  with 
acid  esters  of  phosphorus  a^.ids.  1)  Diethyl- 
thiophosphorous  acid;  2)  acid  ethyl  ester  of 
ethylphosphinic  acid;  3)  acid  ethyl  ester  of 
phenylphosphinic  acid;  4)  diethylphosphorous 
acid. 


Tlic  structure  of  one  of  the  resulting  compounds,  the  dibutyl  ester  of  1 -heptylthicphosphorous  acid,  was 
shown  by  romparison  of  irs  constant'  and  infrared  spectrum  with  t!u  ae'i'  cous  compound  prepared  from  tlic 
counter  syntlicsis  by  the  Michaclis-Ik  kkcr  reaction  from  si.'diuin  diljulyit'  iophospliite  and  nonaial  licptyl  iodide. 
Both  products  were  entirely  idcnti',;al.  Ou  th.e  basis  of  these  results  ■.%  .  liavc  CvuiciuJcd  that  tlic  addition  of  dialkyl- 
thiophosphorous  acids  to  olefins  on  irradiation  or  in  the  presence  of  benzoyl  peroxide  occurs  counter  to  tlie  Mar- 
kovnikov  Rule. 


TABLE  3 

Alkylphenyl-  and  Dialkylphosphinic  acids 


/  \ 

R’  OH 


No. 

Meaning 

M.p. 

Phosphorus  content, 

U' 

Found 

Calculated 

1 

QR.s 

Cell  n 

13.70 

1.3.83 

O 

Qiis 

C7II.5 

4()..5-41 

13.00 

12.91 

3 

CrH,; 

40 

12.49 

12  20 

4 

0,11-, 

Co  1 1  in 

3!) 

1 1 .4!) 

11. .30 

.3 

Cfill.-, 

Cioll?! 

.35.5 — .30 

10,81 

10.78 

f> 

Calls 

Coll,, 

.39-00  5 

17.50 

17.61 

7 

Calls 

Cflilio 

.35.5—30 

14.00 

14.09 

Tlie  order  of  addition  of  acid  esters  of  ethyl-  and  phenylphosphinic  acids  is  considered  in  the  case  of  reac¬ 
tion  of  the  acid  ester  of  phenylphosphinic  acid  a  J  1-heptenc.  The  ethyl  ester  of  1-heptylphenylphosphinic  acid 
was  obtained  by  the  Arbuzov  rearrangement  of  the  diethyl  ester  of  phenylphosphinic  acid  in  the  presence  of  hcptyl 
iodide.  The  constants  of  both  products  were  very  close.  Hcptylphenylphosphinic  acid,  obtained  by  saponification 
of  both  esters,  had  the  same  melting  point.  A  mixed  sample  gave  no  melting  point  depression.  This  permits  us  to 
declare  both  products  identical.  We  can  conclude  from  these  results  that  addition  in  this  reaction  also  goes  counter 
to  the  Markovnikov  Rule. 

O 

II  .R 

r.ii3((;iH)„-cii=cii2+  )pon  —  CH3((:n2),-cnoCiiop/ 

R'o^  '-oir 

In  conclusion  we  carried  out  a  comparison  of  the  reactivity  of  a  scries  of  esters  of  phosphorus  acids  in  the 
reaction  of  addition  to  olefins.  Comparison  was  made  of  the  rate  of  addition  to  1-heptenc  of  the  acid  ethyl  esters 
of  phosphorous,  thiophosphorous,  ethylphosphinic,  and  phenylphosphinic  acids  in  ultraviolet  light.  From  the  degree 
of  decrease  in  reactivity  in  this  reaction,  the  esters  could  be  arranged  in  the  following  order  (see  Fig.  2). 
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>  (C2H50)2Pom 


/  // 

(r:2ii5f»).,!’SH  >  C2II5P-11  >  Cf.ii--P-ii 

EX  PERIMENTAL 

The  olefins  with  definite  position  of  the  double  bond  were  synthesized  by  the  reaction  of  allyl  bromide 
with  the  corresponding  niagncsiiim  organic  con. pound  [2],  Wc  used  freshly  distilled  reagents  for  the  experiments. 

Carrying  out  die  addition  reactions,  a)  An  equimolccular  mixture  of  dialkylthiophorphorous  acids  (or  esters 
of  phospiunic  acids)  and  olctins  were  placed  in  a  quartz  flask  and  continuously  illuminated  with  a  mercury- quartz 
lamp  PRK-2  placed  at  a  distance  of  5-6  cm  for  5-8  hours  at  85-90*. 

b)  An  equimolccular  mixture  of  reagents  was  heated  under  reflux  on  a  glycerol  bath  in  the  presence  of 
benzoyl  peroxide  for  20-25  hours.  Tlie  temperature  was  kept  at  80-85*.  Several  times  during  the  reaction  benzoyl 
peroxide  was  added  in  portions  in  the  amount  of  Ylo  of  the  weight  of  reagents.  The  addition  products  were  isolated 
from  the  reaction  mixture  by  vacuum  distillation. 

Saponification  of  esters  of  dialkylphosphinic  and  alkylphenylphosphinic  acids.  The  esters  were  heated  with 
a  3-4 Told  excess  of  50  a  hydrochloric  acid  in  a  sealed  tube  at  150-160“  for  eight  hours  (the  saponification  reac¬ 
tion  also  took  place  well  by  heating  10-12  hours  under  reflux).  Then  the  solution  was  slowly  evaporated  on  the 
water  bath  to  remove  IlCl  and  left  for  crystallization.  For  purification,  the  resulting  crystals  were  dissolved  in 
ctlicr  and  boiled  with  animal  charcoal.  Tlic  final  crystallization  was  carried  out  from  ether. 

Reaction  of  diethyl  ester  of  pbcnyiphosphinic  acid  with  heptyl  iodide.  We  heated  10.5  g  of  diethyl  ester  of 
phcnylphosphinic  acid  (b.p.  113— 115‘  at  15  mm,  n^  1.5115)  .tnd  14  g  of  heptyl  iodide  (b.p.  91’  at  12  mm)  in  a 
sealed  tube  for  nine  hours  at  140-160*.  Then  the  reaction  mixture  was  distilled  in  a  vacuum.  After  several  distil¬ 
lations  we  obtained  6.8  g  of  ethyl  ester  of  1-heptylphenylphosphinic  acid. 

B.p.  189-100*  at  9  mm.  n^^"  1.4973.  d4^  1.0072,  MRp  77.87;  Calculated  77.61. 

Found  70:  P  11.3.  Ci5H2.^2P.  Calculated  %.  P  11.56. 

The  constants  of  the  ethyl  ester  of  1-hcptylphcnylphosphinic  acid  obtained  by  addition  of  the  acid  ethyl 
ester  of  phcnylphosphinic  acid  to  1-heptenc  are  given  in  Table  2  (substance  2). 

Reaction  of  sodium  dibiitylthiophosphite  with  heptyl  iodide.  To  an  etlicr  solution  of  sodium  dibutylthio- 
phosphite  prepared  from  14  g  of  dibutylthioptiosphorcus  acid  and  2  g  of  sodium  was  added  with  stirring  17.6  g 
of  heptyl  iixJidc.  Then  the  mixture  was  healed  on  a  water  bath  for  three  hours,  treated  with  a  smaH  amount  of 
water,  and  the  etlicr  layer  was  dried  and  distilled.  After  three  vacuum  distillations  we  obtained  5.7  g  of  the  di¬ 
butyl  ester  of  1 -heptylthiophospliorous  acid. 

B.p.  160-160.5’  at  3  mm,  n^”  1.4618,  d4”  0.9460,  MRp  89.37;  Calculated  89.82. 

Found  P  10.10,  10.20.  CigHaaOjPS.  Calculated  P  10.06. 

The  constants  of  the  dibutyl  ester  of  1-heptylthiophosphorous  acid  obtained  by  addition  of  dibutylthiophos- 
phorous  acid  to  1-heptene  are  given  in  Table  1  (substance  15). 

L.  M.  Nikitin  took  part  in  the  experimental  work. 

SUMMARY 

1.  We  have  shown  that  dialkylthiophosphorous  ac’’ds  and  acid  esters  of  ethyl-  and  phcnylphosphinic  acids 
add  to  olefins  in  the  presence  of  benzoyl  pieroxide  or  with  illumination  by  ultraviolet  light. 

The  addition  products,  esters  of  alkylthiophosphonic,  dialkylphosphinic,  and  alkylphenylphosphinic  acids, 
are  obtained  in  yields  of  40-657o. 

2.  Addition  of  dialkylthiophosphorous  acids  and  acid  esters  of  etiiyl-  and  phcnylphosphinic  acids  occurs  by 
the  radical  mechanism,  opposite  to  the  Markovnikov  Rule. 
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Recently  tiiere  have  been  studies  in  the  field  of  quinoline  compounds  for  the  purpose  of  cbtaining  effective 
aiuimalarials  [1].  These  investigations  were  evidently  induced  by  the  fact  that  the  medicinal  preparation 
Chanshan,  obtained  from  the  Chinese  plant  Dichroa  febrifuga  Lour  .,  is  50-100  times  more  potent  than  quinine 
and  contains  a  substance  of  the  quinazolone  series  [2].  In  this  respect,  there  is  the  greatest  interest  in  derivatives 
of  4-quinazolone  with  substituents  in  posirions  3.  and  2  and  3.  The  first  are  usually  obtained  by  reaction  of 
4-quinazolone  with  alkyl  halides  in  the  presence  of  alcoholates  [3]  or  by  heating  anthranilic  acid  with  N-aryl 
(alkyl)-formamides  [4,  5];  the  second  by  heating  N-acylanthranil  with  amines  [6],  in  the  reaction  of  N-arylben- 
zimidoyl  chlorides  with  methyl  anthranilate  or  with  methyl  esters  of  o-nitrobenzoic  acids  with  later  reduction 
[7,  8],  or  by  heating  amines  with  N-acylanthranilic  acids  in  the  presence  of  phosphorus  trichloride  [9]. 

In  connection  with  working  out  a  satisfactory  method  of  preparing  aryl  (alkyl)  amides  of  anthranilic  acid 
[lOJ  wc  set  ourselves  the  problem  of  working  out  a  method  based  on  these  compounds  for  obtaining  derivatives 
of  4-quinazolone  with  substituents  in  position  3,  and  2  and  3. 


The  starting  atylamides  of  anthranilic  acid  (I-V)  are  shown  In  Table  1. 

3-Aryl  substituted  4-quinazolones  (XI-XV)  were  obtained  in  good  yields  by  short  heating  of  (I-V)  with 
formic  acid.  Also,  in  the  case  of  formation  of  (XII)  and  (XI)  it  was  shown  that  for  the  synthesis  of  (XI-XV)  we 
could  use  the  reaction  of  aromatic  amines  with  the  methyl  ester  of  N-formylanthranilic  acid  (XXII)  and  also 
closure  of  the  quinazolone  ring  in  the  anilide  of  N-formylanthranilic  acid  (XXTV)  with  the  help  of  acetic  anhy 
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hydride.  It  is  true  the  first  reliction  goes  less  smoothly,  and  evidently  it  goes  tlirough  the  stage  of  formation  of  the 
bcH/rylamidc  of  N-forniylantluanili  '  a  id  (XXIII). 


''  NllClin 
(\.\n) 

(X»NII(II./',;II. 


''NIICIIO 

(XXIIi) 


--  .  (Ml) 


(Oir,c.'>),o 


I,  i| 

'  Nimiin 

(X  \IV) 


(M) 


For  the  preparation  of  quinazolone  compounds  with  substituents 
in  positions  2  and  3  we  tried  unsuccessfully  to  carry  out  a  reaction 
between  {\-V)  and  different  acids  (R  -  COOH:  R  =  CH3.  n-C4H9.  iso- 
C4H9.  CgHsOCHz.  and  (C6H5)2CH);  the  experiments  were  carried  out 
at  temperatures  of  the  boiling  acids,  and  in  the  case  of  the  aromatic 
acids,  at  180-230“  for  3  hours;  in  the  best  case  there  was  finally 
formed  a  trace  of  N-acylanthranilic  acid;  the  easier  closure  of  the 
quinazolone  ring  (in  I-V)  when  formic  acid  takes  part  is  probably 
explained  by  the  fact  that  the  intermediate  product  formed  here,  the 
N-formyl  derivative  of  (I-V).  is  formed  more  easily  than  the  other 
N-acyl  derivatives  and  undergoes  a  lactam-lactim  tautomerism. 
According  to  Orlov  fll)  arylamides  of  formic  acid  can  exist  in  two 
tautomeric  forms. 

The  synthesis  of  2.3-disubstituted  4-quinazolones  is  possible 
on  the  basis  of  the  arylamides  of  the  N- acylanthranilic  acids  (VT-IX) 
(Table  2). 


TABLE  1 


Arylamides  of  Anthranilic  Acid 


X.  /CONUR 

I  il 


--nr— 

u 

c 

<TJ  • 

Meaning 

Yield, 

M.  p. 

Form  of 

Formula 

Results  of  analysis 
for  nitrogen  (calc¬ 
ulated  values  hi 
parentheses),  7c 

x5  ^ 

3 

«/J 

. 

It 

% 

crystals 

III 

Cl 

CgMsCIIo 

hlA 

146-1  47° 

Needles 

CuHnONiCl 

in..S7, 10.70(10.74) 

IV 

Hr 

Cfillr.CUj 

.32.9 

140-141 

Needles 

C]  1 1 1  X’  ■2llr 

9.04.  9.10  (0.18) 

V 

H 

1  i 

04 

132—133 

Platelets 

Ci2UnC)N3 

19.9.S.  19.00(10.71) 

1  II 

N 

Note:  Crystallization  was  carried  out  from  alcohol;  the  alcoholic  solution  of  (V)  had 
a  weak  blue  fluorescence. 

Under  the  action  of  acyl  halides  on  the  anilide  (I)  and  benzylamide  of  anthranilic  acid  (II)  we  obtained 
(VI-IX)  which  when  heated  with  acetic  anhydride  in  the  presence  of  anhydrous  sodium  acetate  were  transformed 
into  the  corresponding  quinazolone  compounds  (XVI-XIX).  We  should  mention  that  without  sodium  acetate, 
this  transformation  hardly  occurs.  It  can  be  assumed  that  in  the  presence  of  sodium  acetate  enolization  of  the 
arylamide  group  (XXI)  is  facilitated,  and  hence  also  the  closure  of  the  quinazolone  ring. 

The  quinazolone  compound  (XVI)  can  be  obtained  by  direct  heating  of  (I)  with  acetic  anhydride  in  the 
presence  of  sodium  acetate,  without  the  stage  of  isolation  of  the  anilide  of  the  N-acetylanthranilic  acid  (VI). 

In  the  case  of  the  anilide  of  N-benzoylanthranilic  acid  (X)  the  quinazolone  ring  is  not  closed  in  this  case.  This 
is  probably  connected  with  the  very  poor  solubility  of  (X)  in  acetic  anhydride.  The  conversion  of  (X)  into 
2,3-diphenyl-4-quinazolone  (XX)  can  easily  be  carried  out  with  benzoyl  chloride.  The  structures  and  properties 
of  the  quinazolone  compounds  are  given  in  Table  3. 

EXPERIMENT  AL 

The  benzylamides  of  5-chloro-(III)  and  5-bromo-(IV)  anthranilic  acid  and  the  a-pyridylamide  of  anthranilic 
acid  were  obtained  according  to  the  data  of  [10]. 
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TABLE  2 

Arylamides  of  N-Acylanthxanilic  Acids  |  |j 


.X  ^  n 
<  O 


3-Phenyl-4-quinazolone  (XI).  a)  Three  g  of  substance  (I) 
and  4.5  tnl  of  formic  acid  were  boiled  one  hour  and  poured  into 
20  ml  of  water.  The  resulting  precipitate  v.’as  filtered,  washed  with 
5^0  soda  solution,  then  with  water,  and  was  crystallized.  Yield  3  g. 

By  process  "a"  we  also  obtained  (XU).  3-benzyl-6-chloro-4-quina- 
zolone  (XIII),  3-benzyl-6-bromo-4-quinazolone  (XIV'),  and  3-(a- 
pyridyl)-4  -quinazoione  (X\')  (for  (XV)  the  time  of  heating  was  3 
hours). 

b)  Three  g  of  substance  (XXIV)  and  5  ml  of  acetic  anhydride 
were  boiled  one  hour,  poured  into  30  ml  of  water,  and  after  hydrolysis 
of  the  acetic  anhydride,  the  mixture  was  treated  as  in  experiment 
"a",  'i  >ld  2.5  g  of  the  substance  described  above  which  in  a  mixed 
m.p.  gave  no  depression. 

3-Bcnzyl-4-quinazolone  (XU).  We  boiled  1,8  g  of  (XXII)  and 
1.1  g  of  benzylaminc  for  five  hours  and  after  cooling  the  substance 
crystallized.  Yield  1.4  g  (42.5‘7'5).  The  substance  mixed  with  a 
sample  obtained  by  process  "a"  gave  no  melting  point  depression. 

Anilide  of  N-phenoxyacetylanthranilic  acid  (VII).  To  a  solu¬ 
tion  of  4.24  g  of  (I)  in  10  ml  of  pyridine  was  added  3.4  g  of  phenoxy- 
acctyl  chloride.  After  standing  for  10  min,  it  was  poured  into  50  ml 
of  water,  the  precipitate  was  filtered,  washed  with  dilute  hydrochloric 
acid,  water,  and  was  crystallized.  Yield  4.8  g. 

In  an  analogous  way  we  obtained  (VIII)  and  (IX). 

2-Methyl -3-phcnvl-4-quinazolone  (XVI).  One  g  of  substance 
(VI),  2  ml  of  acetic  anhydride,  and  0.3  g  of  freshly  calcined  sodium 
acetate  were  boiled  for  1  hour  on  a  sand  bath  and  poured  into  10  ml 
of  water;  the  precipitate  was  filtered  off,  washed  with  b’lo  soda  solu¬ 
tion,  with  water,  and  was  crystallized.  Yield  0.8  g. 

Analogous  results  were  obtained  if  instead  of  (VI)  we  used  (I). 
We  also  obtained  2-phenacyl-3-phenyl-4-quinazolone  (XVII),  2- 
benzhydryl-3-phenyl-4-quinazolonc  (XVUII),  and  2-benzhydryl-3- 
benzyI-4-quinazolone  (XIX). 

2,3-Diphenyl-4-quinazolone  (XX).  One  g  of  (X)  and  1  ml  of 
benzoyl  chloride  were  heated  on  a  sand  bath.  When  the  precipitate 
had  dissolved  completely,  boiling  was  continued  for  5  minutes,  the 
mixture  was  poured  into  water  and  the  precipitate  was  treated  in  the 
usual  way.  Yield  1.2  g.  Analogous  results  were  obtained  by  heating 
(I)  with  benzoyl  chloride. 


*°^1  r:  =: 
JDueisqns,  >  .- 


SUMMARY 

1.  Based  on  the  arylamides  of  anthranilic  acid  we  have  worked 
out  several  variant  methods  for  obtaining  3-aryl  substituted  4-quina- 
zolones. 

2.  We  have  shown  that  under  the  influence  of  acetic  anhydride 
and  anhydrous  sodium  acetate  the  arylamides  of  N-acylanthranilic 
acids  are  converted  easily  and  in  high  yields  info  2,3-disubstituted 
4-quinazolones.  In  the  case  of  the  arylamides  of  N-benzoylanthra- 
nilic  acid  it  is  recommended  to  use  benzoyl  chloride  as  the  cyclizlng 
medium. 
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of  the  salt  are  yellow.  Found  lo:  Cl  24.15,  24.03,  Ci3H90H3'2HCl.  Calculate^ 


3.  We  have  obtained  a  series  of  previously  undescribed  arylamides  of  anthranilic  acid,  their  N-acyl 
derivatives,  and  3*and  2,3-substituted  4-quinazolones. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
11. 
12. 
13. 
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In  the  previous  publication  [1]  we  described  a  method  for  the  alkylation  of  carbonyl  compounds  by  the  reac¬ 
tion  between  enol  acetates  substituted  with  bromine  in  the  allyl  position,  and  alkyl  magnesium  halides.  In  the 
present  work  we  have  determined  that  the  reaction  of  end  acetates  substituted  with  bromine  with  vinyl  magnesium 
bromide  leads  to  the  vinylation  of  carbonyl  compounds  and  to  the  formation  from  saturated  aldehydes  and  ketones 
of  y  ,  6  and  in  sejaarate  cases,  of  8,y  -unsaturated  carbonyl  derivatives  of  the  ethylene  scries.  Tlie  latter  are 
rather  difficult  to  prepare;  we  found  only  two  general  methods  for  their  preparation  in  the  literature,  viz.,  heating 
esters  of  B-ketoacids  and  8,y  -ethylenic  alcohols  [2]  leading  to  the  formation  of  the  corresponding  y  .6  -unsatura- 
ted  ketones,  and  carbonylation  of  hydrocarbons  in  the  presence  of  AICI3  under  pressure,  leading  to  B,y  -unsaturated 
carbonyl  compounds. 

The  following  carbonyl  compounds  have  now  been  vinylated:  cyclohexanone,  methyl  ethyl  ketone,  methyl 
propyl  ketone,  bcnzylacetone,  and  butyraldchyde.  The  bromo-substituted  enol  acetates  used  acetone,  and  butyr- 
aldehyde.  Tlie  bromo-substituted  enol  acetates  used  as  starting  materials  were  synthesized  by  us  earlier  by  bromina- 
tion  of  enol  acetates  witlr  N-brornosuccinimidc  [1,4,5],  with  the  exception  of  the  bromo-substituted  enol  acetate 
of  methyl  ethyl  ketone,  viz.,  1 -bromo-acetoxy-2-butenc,  the  preparation  of  w'hich  by  a  similar  reaction  is 
described  in  this  paper*.  Vinyl  magnesium  bromide  was  prepared  by  Norman's  method  [6]  involving  the  reaction 
of  magnesium  with  vinyl  bromide  in  tetrahydrofuran  medium.  The  reaction  was  carried  out  at  the  boiling  point 
of  the  mixture;  only  in  the  case  of  the  bromo-substituted  cyclohexanone  enol  acetate,  the  reaction  was  carried  out 
at  -30“  (because  of  the  great  unstability  of  the  vinylation  product).  Tlie  reaction  of  the  bromo-substituted  enol 
acetate  cyclohexanone  with  vinyl  magnesium  bromide  gave  the  enol  acetate  of  a-vinylcyclohexanone  with  a 
53^0  yield.  The  free  carbonyl  compound  was  obtained  by  heating  the  enol  acetate  of  a-vinylcyclohexanone  with 
diluted  hydrochloric  acid;  the  yield  of  a-vinylcyclohexanone  was  75.8?o. 

0 

II 

H.o 

(lici)’  I  I 

\/ 

When  vinyl  magnesium  bromide  was  made  to  react  with  the  bromo-derivatives  of  enol  acetates  with  the 
halogen  atom  in  8 -position  with  respect  to  the  initial  carbonyl  group  (of  butyraldchyde,  methyl  ethyl  ketone, 
and  methyl  propyl  ketone),  then  the  vinylation  products  were  also  obtained  as  enol  acetates  (with  the  respective 
yields  of  45^0,  49.5‘7(',  and  52^1).  Hydrolysis  of  the  latter  gave  the  corresponding  y  ,6  -unsaturated  carbonyl  com- 


OCOCII.i  OHOCII^ 

I  '  ,l 

CH,--=r.HMRnr  1'  I  I i— < .1 12 


•In  order  to  determine  the  position  of  bromine  in  this  compound,  we  submitted  it  to  ethylation  with  ethyl  magnes¬ 
ium  bromide  which  gave  methyl  butyl  ketone.  We  thus  show  that  by  tlie  reaction  of  the  bromo-substituted  enol 
acetate  of  methyl  ethyl  ketone  with  alkyl  magnesium  halides  (by  the  alkylation  method  elaborated  earlier  [1]), 
one  can  obtain  higher  methyl  ketones. 
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pounds:  3-methyl-4-pcntcne- 1-aldehydc,  l-hexcne-5-onc,  and  3-inethyl-l-hexene-5-one  in  good  yields.  It  is 
noteworthy  that  in  distinction  from  the  reaction  of  hromo- substituted  enol  acetates  with  alkyl  magnesium  halides 
which  is  accompanied  by  the  splitting  off  of  the  enol  acetate  group,  in  the  reaction  with  vinyl  magnesium  bromide, 
which  we  arc  describing  now,  no  such  regeneration  of  the  carbonyl  group  is  observed.  Tliis  is  apparently  related 
to  the  lesser  activity  of  vinyl  magnesium  compounds.  Only  in  one  case,  viz.,  whea  vinylation  was  carried  out 
on  the  bromo-substituted  enol  acetate  of  bcnzylacctonc,  a  vinylation  product  witli  a  free  carbonyl  group  (3- phenyl - 
l-hcxenc-5-onc)  was  actually  formed  (yield,  SO^o), 

Tlic  isolated  position  of  the  double  bonds  in  the  vinylatcd  enol  acetates  we  arc  concerned  with  is  confirmed 
by  the  following  facts.  A  displacement  of  tiie  double  bond  in  the  vinyl  group  would  have  led  after  hydrolysis  to  a, 

6 -unsaturated  carbonyl  derivatives.  However,  the  products  we  synthesized  do  not  show  in  their  ultraviolet  spectra 
bands  characteristic  for  such  compounds.  A  displacement  of  the  enol  double  bond  is  also  to  be  excluded  on  the 
grounds  that  if  this  vvas  tiic  case,  hydrolysis  would  luive  led  in  all  the  cases  (except  the  enolate  of  a-vinylcyclo- 
hexanonc)  to  tiic  corresponding  unsaturated  alcohols,  and  not  to  the  carbonyl  compounds  which  arc  actually  obtained. 
It  is  necessary  to  note  that  in  his  study  of  the  reaction  of  allyl  halides  with  vinyl  magnesium  bromide,  Norman  has 
always  obtained  the  corresponding  1,4-dicnes  without  any  displacement  of  the  double  bonds  to  a  conjugated  posi¬ 
tion  [7]. 

All  tlie  vinylatcd  enol  acetates  and  the  corresponding  carbonyl  derivatives  obtained  by  hydrolysis  of  these 
products  (with  the  exception  of  l-hcxcnc-5-onc)  have  not  yet  been  described  in  the  literature. 

Tlic  results  of  this  study  show  that  the  reaction  of  vinyl  magnesium  bromide  with  bromo-substituted  enol 
acetates  liaving  tlic  halogen  atom  in  8 -position  with  respect  to  the  starting  carbonyl  group  constitutes  apparently 
a  general  mct'uxl  for  tliC  syntiics’s  of  y  ,  o -un.saturated  carbonyl  compounds.  In  the  case  of  a-bromo-substituted 
enol  acetates  (for  instance,  of  tlic  bromo-substituted  enol  acetate  of  cyclohe.xanone),  the  procedure  we  have  elabo¬ 
rated  leads  to  8,)  -unsaturated  carbonyl  compounds. 

E.XPERIMENTAL 

i .  a  -  Vinylcyclolicxanonc  (by  vinylation  of  the  bromo-substituted  enol  acetate  of 
e  y  c  1  o  h  c  x  a  ii  o  ii  e ) . 

A.  Enol  acetate  of  CT-vinylcyclohexanonc.  Vinyl  bromide  was  prepared  in  a  three-necked  flask  fitted  with 
a  stirrer,  dropping  funnel,  and  reflux  condenser.  Tijf  upper  end  of  the  condenser  was  connected  through  a  series 
of  wash-botilcs  to  the  dropping  funnel  of  the  apparatus  set  up  for  vinylation.  A  solution  of  45  g  of  KOH  in  225  ml 
of  alcohol  was  put  in  the  flask,  and  treated,  witli  stirring,  v  itli  150  g  of  1,2-dibromoethane.  The  flask  was  then 
slowly  heated  on  a  water  batli  to  80®  while  stirring  (no  water  being  circulated  in  the  reflux  condenser).  The  vinyl 
bromide  thus  formed  was  washed  alcohol-free  with  tepid  water,  dried  ovci  calcium  chloride,  and  adsorbed  in  25 
ml  of  tetrahydrofuran  placed  in  t!ic  diopping  funnel  belonging  to  the  apparatus  set  up  for  vinylation;  during  the 
absorption  period,  the  dropping  funnel  was  cooled  with  a  mixture  of  solid  carbon  dioxide  and  alcohol. 

Vinylation  was  carried  out  in  a  three-necked  flask  with  a  stirrer,  a  reflux  condenser  cooled  with  a  mixture 
of  dry  ice  and  alcohol,  and  a  doppered  dropping  funnel  cooled  with  tlie  same  cooling  mixture.  To  the  stopper  of 
the  dropping  funnel  was  soldered  a  glass  tube  for  the  introduction  of  vinyl  bromide,  as  well  as  a  tube  opened  to 
the  atmosphere  and  protected  with  a  calcium  chloride  tube.  The  stem  of  the  separating  funnel  was  allowed  al¬ 
most  to  touch  the  bottom  of  the  flask.  Magnesium  metal  (4.25  g),  tetrahyciroiuran  distilled  tirst  over  KOH,  and 
then  over  Na  (100  ml),  2-3  ml  of  ethyl  bromide  and  a  few  small  crystals  of  iodine  were  introduced  in  the  flask. 
Tlien,  while  stirring  and  heating  to  40®,  the  solution  of  vinyl  bromide  in  tetrahydrofuran  was  added  to  the  reaction 
mixture.  A  violent  reaction  took  place  when  nearly  half  of  the  solution  had  been  added  to  the  mixture;  the  flask 
was  cooled  with  ice-cold  water,  while  the  remainder  of  the  solution  was  introduced  in  the  flask.  After  all  the 
bromide  had  been  added,  the  mixture  was  boiled  for  30  min,  then  cooled  to  -30®,  diluted  with  100  ml  of  dry 
ether,  and  slowly  treated  with  efficient  stirring  with  a  solution  of  38  g  of  2-bromo-l-acetoxy-l -cyclohexene* 

(b.p.  82-85®  at  5  mm).  The  mixture  was  stirred  for  12  hr  at  -30®,  and  decomposed  witli  a  saturated  solution  of 
NH4CI;  the  ethereal  layer  was  separated  out,  the  aqueous  solution  twice  extracted  with  etiier,  and  the  combined 
ethereal  extracts  dried  over  Na2S04.  Ether  and  tetrahydrofuran  were  distilled  off  in  vacuum.  Vacuum  distillation 
of  the  residue  gave  1-acetoxy-l-cyclohexene  (yield,  15.3  g,  53^yo). 

•'2-Bromo-l-acetoxy-l-cyclohexene  was  obtained  by  bromination  of  the  enol  acetate  of  cyclohexanone  with 
N-bromosuccinimide  [5]. 


B.p.  6S-70’(  J  mrn),  i.nOo'J,  d4^  1.0o5.  MRp  -16.75;  Ci IcuIj’u’J  -lo.'.K.'. 

FoiiiiJ  7’:  C  76.12,  71.26;  fl  6,5S.  8.65;  Sapcrul’ica  Li  on  number,  ■■'>'.?;  bromii.e  number,  b'-.'J. 

Calculated  C  7‘2.26;  H  S.  10.  Saponification  number  do7.1;  bromine  number,  06,1. 

B.  Hydrolysis  of  the  enol  acetate  of  a-vinylcyclohexanone.  Fifteen  grams  of  the  fraction  boiling  at  68-70* 

(2  mm)  were  heated  with  stirring  with  200  ml  of  4N  HCl  solution  for  1  hr  at  50-G0®  (water  bath).  The  higher  oily 
layer  was  separated  out;  the  aqueous  solution  was  neutralized  with  solid  sodium  carbonate  and  extracted  with  etlier. 
The  combined  oily  layer  and  ethereal  extracts  were  washed  with  157o  Na2C03  and  water,  and  dried  over  sodium 
sulfate.  Ether  was  removed  by  distillation,  and  the  residue  gave  upon  fractionation  in  vacuum  8.5  g  of  a-vinyl- 
cyclohcxanone  (75.87?). 

B.p.  52-54"  (2  mm),  1.4907,  d4^  0,995,  MRp  •86.20;  Calculated  36.49,  Content  of  ketone,  99.67o(by 
preparation  of  oxime). 

Found  %.  C  77.21,  77.13;  H  9.89,  9.95.  Bromine  number,  125.9  CgHijO.  Calculated  %  C  77.37;  H  9.74. 
Bromine  number,  128.5. 

2 .  3  -  Me  th  y  1  -  1  -  h  c  >  c  n  e  -  5  -  one  (by  vinylatlon  of  the  bromo-substituted  enol  acetate 
of  met h y  1  pro pyl  ketone). 

Enel  acetate  of  '^-mcrhvl  - 1  -hexene- 5-onc.  Norman’s  reagent  wa?  prepared  from  I'"*. 2  g.  of  Mg  in  150  ml 
of  anhydrous  tetrahydrofuran,  and  a  freshly  prepared  solution  of  70.1  g  of  vinyl  bron'iidc  in  125  ml  of  anhydrous 
tetrahydrofuran.  Tne  -'olu.tion  of  vinyl  m.agncsium  bromide  thus  c'^^Lained  was  treated  at  -30'  a  solution  of 
50.1  g  of  4-bromo-2-acetoxy-2-pentene*  (b.p.  46-48°  at  4  mm)  in  50  ml  of  absolute  ether.  The  mixture  was 
stirred  at  this  temperatiu-c  for  2  hr,  and  then  left  to  stand  overnight.  On  tlic  next  day  the  sobition  was  boiled  for 
5  hr  with  stirring.  The  product  was  worked  up  in  the  same  way  as  in  tlic  foregoing  experiment.  Vacuum  distillation 
gave  19.4  g(527)  of  3-methyl-5-acetoxy- 1,4-hexadiene. 

B.p.  40-41°(50mm),  np^®  1.4111,  d4”  0.859,  MR^  44.60;  Calculated  44.48. 

Found  T':  C  69.95,  70.05;  H  9.35.  9.28.  Saponification  number,  358;  bromine  number,  98.2.  C9Ht402. 
Calculated  °1<'\  C  70.10,  H  9.15.  Saponification  number,  363;  bromine  number,  103.5. 

B.  Hydrolysis  of  the  enol  acetate  of  3-methyl- l-hexene-5-onc.  Six  grams  of  3-methyl-5-acetoxy- 1,4- 
hexadiene  were  heated  witli  stirring  with  100  ml  of  4N  HCl  solution  for  4  hr  at  a  bath  temperature  of  50°.  Tlte 
mixture  was  worked  up  as  described  above.  Vacuum  distillation  gave  3.14  g(727')  of  3-methyl- 1 -hcxene-5-one. 

B.p.  125-127’,  n^^  1.4267,  d4^'’  0.883,  MRp  32.65;  Caiculatcd  32.97.  Content  of  ketone,  99.77’ (by  prepa¬ 
ration  of  oxime). 

Found  %.  C  74.76,  74.68,  H  10.68,  10.81.  Bromine  number.  138.7,  C7HJ2O.  Calculated  %  C  74.95;  H  10.78. 
Bromine  number,  142.5. 

3 .  3  -  Me  th  y  1  - 1  -  p  en  te  ne  -  5  -  a  Id  eh  yd  e  (by  vinylation  of  the  bromo-substituted  enol 
acetate  of  butyraldehyde). 

A.  Enol  acetate  of  .3-mcthyl-l-pentene-5-aldehyde.  Norman’s  reagent  was  prepared  as  usual  from  12.2  g 
of  Mg  in  150  ml  of  antiydrous  tetrahydrofuran,  and  a  freshly  prepared  solution  of  70.1  g  of  vinyl  bromide  in  125 
ml  of  anhydrous  tetrahydrofuran.  The  solution  of  vinyl  magnesium  bromide  thus  obtained  was  treated  at  -30°, 

and  with  stirring,  a  solution  of  48.1  g  of  2-bromo-4-acetoxy-3-butene*°  (b.p.  62-64°  at  6  mm)  in  50  ml  of  abso¬ 
lute  ether  was  added.  The  mixture  was  stirred  at  this  temperature  for  2  hr,  and  then  left  to  stand  overnight.  On  the  next 
day  tlie  solution  was  boiled  with  stirring  for  4  hr.  The  usual  treatment  of  the  product  and  its  fractionation  in 
vacuum  led  to  the  separation  of  15.7  g(457o)  of  3-methyl-l-acetoxy-l,4-pentadienc. 

B. p.  37-38°  (10  mm),  n^^  1.4123,  d4”  0.887.  MR^  39.45;  Calculated  39.86. 

Found  T?:  C  68.38,  68.28;  H  8.95,  8,78.  Saponification  number,  387,2;  bromine  number,  112.5.  C8HJ2O2. 
Calculated  7-’:  C  68.54;  H  8.63.  Saponification  number,  399.9;  bromine  number,  114.0. 


•  4-Bromo-2-acetoxy-2-pentene  was  obtained  by  bromination  of  the  enol  acetate  of  methyl  propyl  ketone  with 
N-bromosuccinimide  [4]. 

••  2-Bromo-4-acetoxy-3-butene  was  obtained  by  bromination  of  the  enol  acetate  of  butyraldehyde  with  N-bromo¬ 
succinimide  [1]. 
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B.  Hvdrolyyi?  of  tjie  cnol  acetate  of  G-7ncthyl-l-pentene-5-aldchyde.  Five  grams  of  B-mct!iyl-l-acetoxy- 
1.4 -pentad icnc  was  heated  with  stirring  with  100  ml  of  a  2N  HCl  solution  for  4  hr  at  the  bath  ten'-i'cratiire  of  50®. 
After  the  usual  working  up  of  the  mixture,  and  distillation,  2.54  g(75.5‘y^)  of  3-mcthyl-4-pentcrie-l -aldehyde 
was  obtained. 

B.p.  110“  112®.  nj3^®  1.4282,  d4‘'’  0.808,  MR^  29,15;  Calculated  29.45.  Aldehyde  content,  99.9^'^fby  prepa¬ 
ration  of  the  oxime). 

Found  ‘To;  C  78.24;  7,8.18;  H  10.35,  10.49.  Bromine  number,  158.5.  CrHioO.  Calculated  C  7.8.42;  H  10.27. 
Bromine  number,  162.9. 

4  .  3  -  Phenyl  -  h  e  x  e  n  e  -  5  -  o  n  e  (by  v  i  n  y  1  a  t  i  o  n  of  the  bromo  -  substituted  enol  acetate 
of  b c  n  a  y  1  a  c  e  t  o n e ) .  Norman's  reagent  was  prepared  from  12.7  g  Mg  in  200  ml  of  tetrahydrofutan,  and  a 
freshly  prepared  solution  of  72.9  g  of  vinyl  brom.ide  in  125  ml  of  tetrahydrofuran.  The  solution  of  vinyl  magnes¬ 
ium  bromide  thus  obtained  was  treated  with  a  solution  of  79.0  g  of  l-bromo-8-acetoxy-l-phenyl-2-butene* 

(b.p.  122—124°  at  2  mm)  in  100  ml  of  ether  at  -30°.  The  reaction  was  carried  out  as  in  the  foregoing  experiment. 
Fractionation  in  vacuum  gave  30.2  g  of  3-phenyl- l-hexene-5-one. 

B.p.  115—116°  (5  mm),  n^^®  1.5112,  64^  0.979,  MRp  52.35;  Calculated  53.56.  Content  of  ketone,  99.8^o(by 
preparation  of  oxime). 

Found  7^:  C  82.65,  82.59;  H  8.35,  8.39.  Bromine  number,  93.5.  Ci2Hi4P.  Calculated  C  82.71;  H  8.10. 
Bromine  number,  91,9. 

5  .  1  -  H  e  X  e  n  e  -  5  -  o  n  e  (  b  v  vinylation  of  t  h  e  bromo-s  u  bstituted  enol  acetate  of  methyl 


of  the  end  acetate  of  methyl  ethyl  ketone,  31.25  g  of  N-bromosuccitiimiue,  and  50  ml  of  CCI4  was  refluxed  on 
a  water  batli.  When  the  batli  temperature  reached  86®,  a  violent  reaction  occurred  and  all  the  N-bromcsuccinimide 
which  separated  out  was  filtered  off  and  washed  witli  CCI4.  The  combined  filtrate  and  washings  were  repeatedly 
washed  witlt  water. aid  then  dried  over  sodium  sulfate.  After  removal  of  tlie  solvent  by  distillation  and  vacuum 
fractionation  of  tlie  residue,  12.7  g(37.6‘/<')  of  l-bromo-3-acetoxy-2-butene  was  obtained. 

B. p.  31-32'  (6  mm),  n^^  1.4574,  d4“  1.370,  MRp  38.46;  Calculated  38.86. 

Found  Tf;  Br  41.65;  41.54;  saponification  number,  578.5.  C6H9O2  Br.  Calculated  Br  41.39.  Saponification 
number,  580  (based  on  two  equivalents  of  alkali,  as  the  hydrolysis  of  the  enol  acetate  group  is  accompanied  by 
removal  of  HBr). 

C.  Enol  acetate  of  1 -hexene -5- one.  Norman’s  revigent  was  prepared  from  6.9  g  of  Mg  in  150  ml  of  tetra¬ 
hydrofuran,  and  a  freshly  prepared  solution  of  40  g  of  vinyl  bro.mide  in  70  ml  of  tetrahydrofuran.  The  solution  of 
vinyl  magnesium  bromide  thus  obtained  was  treated  with  37  g  of  l-biomo-3-acetoxy-2-butere  at  -30*.  The  mix¬ 
ture  was  boiled  for  30  bj,  and  then  worked  up  as  in  the  preceding  experiment.  Vacuum  fractionation  gave  13.3 

g  (49.57c’)  of  2-acetoxy-2,5-hexadiene. 

•  l-Bromo-3-acetoxy-l-phenyl-2-butene  was  obtained  by  brominatlon  of  the  enol  acetate  of  benzylacetone 
with  N-bromosuccinimide  [4]. 
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B.p.  34- 37’ ( mm);  1.4331,  d4^  0.31S,  N'-Rp  33.76;  Calculated  39. SG. 

Found  '7'’:  C  68.49.  68.35;  H  8.71,  8.85.  Saponification  number,  392.5;  bromine  number,  110.9.  C8H12O2. 
Calculated  C  68.54;  H  8.63,  Saponification  number,  399.9;  bromine  number.  114.0. 

D.  Hydrolysis  of  the  enol  acetate  of  l-hexene-5-one.  Eight  grams  of  2-acetoxy-2,5-hexadiene  was  heated 
with  stirring  with  100  ml  of  4N  HCl  solution  for  3  hr  at  60°  in  a  bath.  After  the  usual  working  up  and  distillation, 
3.8  g(67.9^<')  of  1-hexene -5-one  was  obtained. 

B.p.  126-  127°.  n^^”  1.4221,  d4”  0.856,  MRp  29.15;  Calculated  29.45,  Content  of  ketone  98,677o(by  prepa¬ 
ration  of  oxime) 

Found  %:  C  73.38,  73.29;  H  10.42,  10.39.  Bromine  number,  156.4.  CgHwO.  Calculated  C  73.42;  H  10.27. 
Bromine  number,  162.9. 

E.  Reaction  of  the  hromo-substituted  enol  acetate  of  methyl  ethyl  ketone  with  ethyl  magnesium  bromide. 

The  Grignard  reagent  was  prepared  from  9.1  g  of  Mg.  15  g  of  C2H5Pr,  and  200  ml  of  ether;  at  t!ie  end  of  the  reac¬ 
tion  the  mixture  was  heated  on  a  water  batli  for  30  min  at  the  boiling  point  of  ether.  The  cooled  solution  of  the 
reagent  was  added  drop  by  drop,  with  vigorous  stirring,  to  51  g  of  1 -bromo-3-acetoxy-2-butene.  Tire  mixture  was 
then  heated  for  20  hr  on  a  water-bath  at  its  boiling  point.  After  tisual  procedure  and  vacuum  fractionation, 

12.4  g(  17'7)  of  methyl  n-bntyl  ketone  was  obtained. 

B.p.  39-41°  (27  mm),  1.40.39,  d4^^  0.8170,  MR^  29.99;  Calculated  29.92.  Literature  data  [S];  b.p. 

127-  127.5°,  d'^  0.8174.  Content  of  ketone.  99.87<'(by  preparation  of  oxime)  . 

Found  '7<:  C  71,83,  71.89;  H  12.24,  12.39.  CgHizO.  Calculated  '7’;  C  71.95;  H  12.08.  Semicarbazone,  m.p. 
120-  121°  (from  aqueous  alcohol):  literature  data  [8];  m.p.  118-  121°. 

Found  ‘7-’:  N  26.54.  26.62.  C7H15ON3.  Calculated  N  26.73. 

SUMMA  RY 

1.  A  inethtxi  is  elaborated  for  the  vinylation  of  carbonyl  compounds  in  8 -position  (in  the  case  of  some 
ketones,  in  a-position)  by  the  action  of  vinyl  magnesium  bromide  on  bromo-substituted  enol  acetates. 

2.  The  reaction  of  bromo-substituted  enol  acetates  of  cyclohexanone,  methyl  ethyl  ketone,  methyl  propyl 
ketone,  and  butyraldehyde  with  vinyl  magnesium  bromide  gives  the  corresponding  vinylated  enol  acetates  with 
the  respective  yields  of  53,  49,5,  52,  and  457'’.  Hydrolysis  of  these  compounds  gives  good  yields  of  the  correspond¬ 
ing  unsaturated  carbonyl  compounds,  viz.,  a-vinylcyclohexanone,  l-hexene-5-one,  3-methyl- l-hexene-5-one, 
and  3-methyl-4-pentene- 1-aldehyde.  The  reaction  of  the  bromo-substituted  enol  acetate  of  benzylacetone  with 
vinyl  magnesium  bromide  leads  in  one  step  to  3-phenyl- l-hcxene-5-one  with  a  bhT’  yield. 

3.  It  is  shown  that  N-bromosuccinimide  reacts  with  the  enol  acetate  of  methyl  ethyl  ketone  to  give  a 
37.67’  yield  of  l-bromo-3-acetoxy-2-butene,  which  can  give  methyl  ketones  of  more  complicated  structure  by 
its  reaction  with  alkyl  magnesium  halides. 
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In  previous  communications  [1,2]  we  gave  results  of  investigation  of  the  reaction  of  enolacetates  bromo- 
substitured  in  the  allyl  position  with  various  organomagnesium  compounds.  In  the  present  work  we  undertook  the 
task  of  obtaining  organomagnesium  compounds  from  the  same  bromo- substituted  enolacetates. 

As  is  known,  preparation  of  organomagnesium  compounds  from  halogen- substituted  ones  with  an  allyl  dis- 
l>osition  of  the  halogen  is  difficult.  Due  to  the  mobility  o^  the  halogen  the  formation  chiefly  of  compounds  of  the 
diallyl  type  occurs  by  the  Wurtz  reaction  in  this  case.  Gilman  [3]  succeeded  in  obtaining  allyl  organomagnesium 
compounds  only  by  using  an  enormous  excess  of  magnesium  in  the  ratio  6:1  to  the  halogen  derivative,  at  very 
high  dilution.  Recently,  Rowlands  and  others  [4]  developed  a  special  "cyclic  reactor"  for  preparation  of  ergano- 
magnesium  compounds  of  similar  type,  in  which  continuous  recirculation  of  ether  takes  place,  and  the  organo- 
magnesium  compound  formed  is  immediately  withdrawn  from  the  sphere  of  reaction. 

Our  attempts  to  obtain  organomagnesium  compounds  from  bromo- substituted  enolacetates  of  cyclohexanone, 
methyl  ethyl  ketone,  methyl  propyl  ketone,  benzylacetone,  and  butyric  aldehyde  under  the  reaction  conditions 
recommended  by  Gilman,  i.e.  at  high  dilution  (1:13),  concluded  unsuccessfully —bromo- substituted  enolacetates 
did  not  react  with  magnesium.  We  were  successful,  however,  in  carrying  out  the  reaction  with  the  above  enol- 
acetates,  using  pov/dcred  magnesium  activated  by  iodine,  and  carrying  out  the  reaction  with  a  concentrated  solu¬ 
tion  of  the  halogen-substituted  compound,  which  was  quickly  added  to  the  magnesium  in  ether.  To  activate  the 
process,  periodic  addition  of  iodine  in  ethyl  bromide  was  carried  out.  At  the  conclusion  of  the  reaction  the  mix¬ 
ture  was  acidified  by  hydrochloric  acid,  and  the  solution  heated  for  several  hours. 

In  the  case  of  the  brominated  enolacetate  of  cyclohexanone,  a  69*7^  yield  of  symmetrical  octahydrobenzo- 
furan  was  obtained  as  the  chief  reaction  product.  Formation  of  this  compound  can  be  explained  in  the  following 
manner.  Bromo- substituted  cyclohexanone  enolacetate  reacts  with  magnesium  by  the  Wurtz  reaction  with  forma¬ 
tion  of  a  diallyl  type  product  which  then  hydrolyzeswith  closing  of  a  furan  ring. 
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According  to  a  similar  sdicine.  evidently,  proceeds  tlie  reaction  with  magnesium  of  hrorno  suhstit.iteu  cnol- 
acetates  of  methyl  ethyl  ketone  (I),  methyl  propyl  ketone  (II),  and  bcnzylacetone  (III),  in  which  the  bromine 
atom  occurs  at  the  3 -position  to  the  carbonyl  group.  By  reacting  these  bromoderivatives  with  magnesium  under 
similar  conditions,  interesting  unsaturated  seven- me mbered  heterocyclic  compounds  were  obtained,  not  described 
in  the  literature.  They  were  homologs  of  4,5-dihydrooxepin  :  2,7-dlmethyl-(I).  2,4.5,7-tetramethyl-(II),  and 
2,7-dimethyl- 4,5-diphenyl- 4, .5-dihydrooxepin  (III),  in  yields  of  68,  61.5,  and  64.6‘7o  respectively. 
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Tlie  structure  of  rJic  compounds  obtained  was  confirmed  by  the  daLi  obtained  from  analyses  of  their  reac¬ 
tions,  and  of  their  elements,  and  also  by  IR  spectra. 

It  should  be  noted  that  recenrly  interest  has  considerably  increased  in  the  chemistry  of  seven- lucmbercd  un- 
saturated  heterocyclic  compounds  which  may  possess  aromatic  properties  similar  to  certain  seven  membered  car- 
bocyclic  compounds  ( tropoiones,  a/Uilenes).  A  dihydroo.xepin  ting  has  been  observed  in  certain  natural  compounds. 
'Tlius,  for  instance,  tlie  alkaloid  curalin  proves  to  be  substituted  dibcnzodihydrooxepin  [5J.  In  1958,  Mcinwald  and 
Not/.aki  [ti]  synthesized  2,3,6.7-tetrahydrooxepin  from  butyl-3-ol.  Homologs  of  dihydrooxepin,  however,  have  not 
been  obtained  so  far. 

To  confirm  tlie  scheme  proposed  for  the  reaction  of  bromo- substituted  enolacetates  with  magnesium  the 
data  obtained  on  reacting  with  the  bromo- substituted  enolacetate  of  biityTic  aldehyde  may  be  used;  the  originally 
formed  prixJiict  of  tlie  diallyl  type  proves  to  be  so  stable'that,  under  the  reaction  conditions,  it  undergoes  no  further 
changes.  Yield  of  tlie  dienolacetate  of  3,1-dimethylhexanedial- 1. 6,  47.2‘7o.  All  efforts  to  saponify  this  product 
and  achieve  ring  closure  in  this  case  did  not  lead  to  the  desired  result- the  product  was  either  not  saponifiable  at 
all,  or  rcsinification  took  place.  This,  evidently,  is  connected  with  the  high  stability  of  enolacetates  of  aldehydes 
compared  with  enolacetates  of  ketones. 

IR-spectra  were  obtained  at  the  optical  department  of  the  R.  Grinberg  Institute  of  Organic  Chemistry  of 
the  USSR  Academy  of  Sciences,  to  which  the  authors  express  their  appreciation  for  this  cooperation. 

EXPERIMENTAL 

1.  1.2.'i.4.5.6.7.8-Octahydrodibenzofuran  (from  the  bromo- substituted  enolaccLatc  of  cyclohexanone^  Into 
a  tliree-nccked  flask,  fitted  with  stirrer,  reflux  condenser,  and  dropping  funnel,  was  introduced  15.6  g  of  powdered 
magnesium,  this  being  then  activated  by  heating  with  iodine.  After  cooling,  100  ml  of  absolute  ether  was  added, 
then  1-2  ml  of  ethyl  bromide  and  2-3  ml  of  2-bromo- 1-acetoxycyclohexene-l  [7]  added,  whereupon  a  vigorous 
reaction  began.  Then  dropwise,  but  rather  quickly,  was  added  with  vigorous  stirring  a  solution  of  47  g  of  2-bromo- 
1 -acetoxycyclohexene- 1  in  120  ml  of  absolute  ether,  whereupon  the  mixture  boiled  spontaneously.  The  solution 
was  then  boiled  for  a  further  2  hours  with  stirring,  then  cooled  and  excess  magnesium  decomposed  with  a  4N  HCl 
solution;  the  acid  solution  was  boiled  for  1.5  hours  with  stirring,  cooled,  extracted  several  times  with  ether  ,  the 
ethereal  extract  washed  with  \5°Jo  soda  solution,  water,  and  dried  with  sodium  sulfate.  Ether  was  distilled  off  in 
vacuo  without  heating.  By  fractionating  in  vacuo,  13. 1  g  (69*7^)  of  octahydrodibenzofuran  was  isolated. 

B.  pt.  110- 112°  (2  mm).  nQ^”  1.5127,  d4^  1.0144,  MRp  52.09;  Calc.  51.72. 

Found ‘7<':  C  81.45,  81.56;  H  9.51,  9.43.  Bromine  number  182,4.  Cj2Hj60.  Calculated  *70;  C  81.77,  H  9.15. 
Bromine  number  181.2. 

2.  2,7 -Dimethyl  4.5-dihydrooxepin  (from  the  bromo- substituted  enolacetate  of  methyl  ethyl  ketone).  In 
the  reaction  were  used  26.1  g  of  powdered  magnesium  in  250  ml  of  ether  and  a  solution  of  69  g  of  l-bromo-3- 
acetoxybutene-2  [2]  in  50  ml  of  ether.  Course  of  the  reaction  and  treatment  of  products  were  as  in  the  preceding 
experiment. 

Yield  15.1  g  (68*70). 

B.  pt.  52- 54“  (10  mm),  n^”  1.4298,  d4^  0.891,  MR^  37.20;  Calc.  37.65. 
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Found  C  77. 12.  77.05;  H  9.98,  10.01.  Bromine  number  253.4.  CgHijO.  Calculated 'Vc;  C  77.37;  H  9.74. 
Bromine  number  257.6. 

IR -spectrum  (cm‘‘);  776,  852,  878,  902.  934,  967,  1005,  1048,  1077,  1123.  1176,  1252.  1371,  1445,  1613, 

1691. 

3.  2. 4, 5. 7- Tetra methyl- 4,5- dihydrooxepin  (from  the  hromo- substituted  cnolacctatc  of  methyl  propyl  ketone). 
In  the  reaction  were  used  19  g  of  powdered  magnesium  in  200  ml  of  ether  and  a  solution  of  53  g  of  4-bromo-2- 
acetoxypentene- 2  [8]  in  50  ml  of  ether. 

Yield  12  g  (61.5*7). 

B.  pt.  75-77*  (7  mm),  n^^  1.4487,  d/  0.879.  MR^  46.51;  Calc.  46.89. 

Found ‘7<’:  C  78.65.  78.72;  H  10.70,  10.65.  Bromine  number  201.  CioH^O.  Calculated  *70;  C  78.89;  H  10.59. 
Bromine  number  210. 

IR-spcctruni  (em'S;  705,  751,  777,  888,  923,  962,  1056,  1098,  1133,  1175,  1206,  1232,  1383,  1457, 

1618,  1681. 

4 .  2 , 7 - Di me thyl - 1 , 5 - d iphenyl- 4,5-dihydrooxcpin  (from  the  bromo- substituted  enolacetate  of  benzylacc- 
tonc).  In  the  reaction  were  used  13.3  g  of  powdered  magnesium  in  120  ml  of  ether  and  a  solution  of  73  g  of  1- 
brorno- 3-acetoxy- 1- phenylbutene- 2  [8]  in  50  ml  of  ether. 

Yield  24.2  g  (64.6*70). 

B.  pt.  104-  106°  (6  mm),  1.5066,  df  0.955,  MRp  85.30;  Calc.  85.87. 

Found  *70:  C  86.85,  86.76;  H  7.48,  7.52.  Bromine  number  110.5.  C20H20O.  Calculated  C  86.92;  H  7.29. 
Bromine  number  115.6. 

IR-spccinim  (cm~'):  695,  752,  778,  796,  814,  901,  933,  949,  994,  1030,  1077,  1097,  1156,  1291,  1333, 
1361,  1412,  1455,  1493,  1596,  1612,  1649,  1705. 

5.  TIic  Reaction  of  the  Bromo- substituted  Enolacetate  of  Butyric  Aldehyde  with  Magnesium.  In  the  reaction 
were  used  12  g  of  powdered  magnesium  in  150  ml  of  ether  and  33  g  of  2-bromo-4-acetoxybutene-3  [1]  in  25  ml 
of  etlier. 

Yield  9.1  g  (47.2*7''). 

B.  pt.  42-44*  (7  mm),  n^^  1.4044,  d4^  0.9250,  MRp  59.99;  Calc.  59.99. 

Found  '7'';  C  63.51,  63.48;  11  8.17,  8.31.  Saponification  value  492.8.  CJ2II18O4.  Calculated  *7‘>:  C  63.69; 

H  8.00.  Saponification  value  495. 

SUMMARY 

1.  It  was  shown  that,  on  reacting  magnesium  in  ether  with  bromo- substituted  enolacetates  of  ketones  possess¬ 
ing  a  halogen  in  the  6 -position  relative  to  the  carbonyl  group,  seven-membered  unsaturated  hydrogen- containing 
heterocyclic  compounds  are  formed,  being  derivatives  of  4,5-dthydrooxepin.  Thus,  from  the  bromo- substituted 
enolacetates  of  methyl  ethyl  ketone,  methyl  propyl  ketone,  and  benzylacctonc  are  obtained  respectively  by  this 
reaction  2,7-dimcthyl-4,5-dihydrooxepin  (yield  687'’),  2,4,5,7-tetramethyl-4,5-dihydrooxepin(yield  61.57<'),  and 
2,7-dimethyl-4,5-diphenyl-4,5-dihydrooxepin  (yield  64.67'’). 

2.  It  was  found  that  tlie  bromo- substituted  enolacetate  of  cyclohexanone  (with  the  halogen  in  the  ct-posi- 
tion  to  the  carbonyl  group)  on  reacting  with  magnesium  in  ether  gives  symmetrical  octahydrodibenzofuran. 

3.  The  bromo- substituted  enolacetate  of  butyric  aldehyde  under  similar  conditions  gives  the  dienolacetate 
of  3,4-dimethylhexanedial-l,6  by  the  Wurtz  reaction. 
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It  is  known  that  fluorine  bonded  to  carbon  can  be  substituted  with  chlorine  by  the  action  of  aluminum 
chloride  on  carbon  fluorides.  Thus,  on  reacting  benzotrifluoride  with  acetyl  chloride  in  the  presence  of  aluminum 
chloride,  benzoirichloride  and  almost  pure  aluminum  fluoride  are  obtained  [1].  On  reacting  1,1,2-trifluorotrichloro- 
ethane  with  aluminum  chloride,  formation  of  1,1,1 -trifluorotrichloroethane  (50*70)  and  1,1-difluorotetrachloro - 
ethane  (•10'7''')  takes  place.  Using  aluminum  chloride  with  a  tagged  chlorine  atom  in  this  reaction,  radioactive 
chlorine  was  found  in  the  difluorotctrachloroethane  [2].  It  lias  been  shown  that  on  reacting  tctrafluoroethylene 
with  arsenic  trichloride  in  the  presence  of  aluminum  trichloride  formation  of  difluorodichloroethylene  takes  place 
together  with  formation  of  pentafluoroethyldichloroarsine  [3]. 

AICK 

^CiFo-'l'l'  2  -f-  dAsCl^ - Cl  3CF2ASCI2  -j-  CF2==~l'.Cl2  . 

Tliis  unusual  phenomenon  was  explained  thus,  that  first  of  all  interchange  of  halogens  takes  place  between 
tctrafluoroethylene  and  aluminum  trichloride.  Then,  on  reacting  tctrafluoroethylene  with  arsenic  trichloride  and 
aluminum  difluoride  chloride,  formation  of  pentafluoroethyldichloroarsine  takes  place. 

It  has  been  established  that  on  reacting  aluminum  trichloride  with  perfluoropropylene  and  2-hydroperfluoro- 
propylene  in  an  acetyl  chloride  solution  2-fluoro  and  2-hydroperchloropropylene  are  formed  [4]. 

This  fact,  namely,  that  despite  the  high  heat  of  reaction  (107  kcal  )  fluorine  is  capable  of  being  replaced 
by  chlorine  with  formation  of  a  C-Cl  bond  (66,5  kcal),  is  evidently  connected  with  the  fact  that  aluminum  possesses 
a  greater  affinity  for  fluorine  than  for  chlorine. 

The  reaction  of  tctrafluoroethylene  with  diboranc  and  pentaborane  has  also  been  described  [5,  6].  As  a  result 
of  these  reactions,  formation  of  a  series  of  compounds  takes  place,  among  them  BF3,  C2H5BF2.  (C2H5)2BF,  i.e., 
substitution  of  hydrogen  attached  to  boron  by  fluorine  takes  place. 

In  the  present  work  the  reaction  of  tctrafluoroethylene  and  boron  trichloride  was  studied.  It  was  expected 
that  the  boron  chloride  would,  similarly  to  aluminum  chloride,  replace  fluorine  atoms  by  chlorine  in  carbon 
fluorides.  Actually,  on  passing  boron  trichloride  and  tetrafluoroethylcne  vapors  over  carbon  at  200-250*C,  forma¬ 
tion  of  boron  trifluoride  (which  was  isolated  and  identified  as  its  etherate)  and  trichlorofluoroethylene  takes  place. 

cf2  =  cf2  I-  uci;,  — ruli  =  CFCi  +  bf.,. 

Similar  results  were  obtained  on  reacting  tetrafluoroethylcne  with  boron  trichloride  in  an  autoclave  under 
a  pressure  of  30-35  atm  at  100-150*. 

It  should  be  noted  that,  unlike  the  reaction  of  tetrafluoroethylcne  with  aluminum  trichloride,  in  which  di¬ 
fluorodichloroethylene  and  aluminum  difluoride  chloride  are  formed,  in  the  reaction  described  by  us  formation 
of  boron  trifluoridc  and  trichlorofluoroethylene  takes  place. 
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EXPERIMENT  A  L 


1.  Reaction  of  Tctraflucrocthyicne  with  Boren  Tricliloriuo  ta  a  T’.ioe  over  Carbon.  I:;to  a  quarts  tvibc  (500 
mm  long  and  OO  mm  in  diameter)  was  placed  300  cm^  ( 180.5  g)  of  dry  activated  carbon,  and  406  g  (3.4  mole)  of 
boron  trichloride  and  170  g(1.7  mole)  of  tetrafluorocthylene  were  passed  through  for  8  hours  at  200-250®.  The  reac¬ 
tion  products  were  collected  in  collecting  vessels  connected  in  scries,  cooled  with  carbon  dioxide;  in  the  first 
collector,  unreacted  boron  trichloride  and  trichlorofluorocthylene  condensed,  in  the  second  collector,  containing 
dry  ether,  boron  trifluoride  collected  as  its  etherate.  After  several  distillations  of  the  contents  of  the  first  collector, 
besides  unreacted  boron  trichloride  (250  g),  a  fraction  of  amount  22.8  g  was  isolated,  with  b,  pt.  69-70®,  d4^® 

1.545,  1.4280,  in  its  constants  and  analytical  data  corresponding  to  trichlorofluoroethylenc. 

Data  in  the  literature  [7):  B.  pt.  71®.  d4”  1.546,  n^^®  1.4379. 

Found  *7^:  C  16.87;  F  12.65;  Cl  71.72.  CjFCla.  Calculated  C  16.08;  F  12.72;  Cl  71.2. 

After  distillation  of  the  ethereal  solution,  38  g  of  the  etherate  of  boron  trifluoride  was  isolated. 

B.  pt.  126",  djo^"  1.123,  1.347. 

Data  in  the  literature  [8];  B.  pt.  125.7,  d4^^  1.125,  Up^  1.348. 

2.  Reaction  of  Tctrariuorocthylenc  with  Boron  Trici^''r'  le  'inder_rrc':«urc.  A  rotating  stainless  steel  autoclave, 
of  0.5  liter  volume,  fitted  with  thermocouple  socket,  valve,  and  manometer,  was  rinsed  with  acid- free  nitrogen 
and  evacuated  to  a  residual  pressure  of  2-3  mm,  into  the  autoelavc  were  placed  in  iiait  36  g  of  boron  trichloride 
and  25  g  of  tetrafluorocthylene.  The  autoclave  was  rotated  for  12-14  hours  at  150°  and  30-35  atm.  At  tlie  conclus¬ 
ion  of  the  reaction  the  contents  of  the  autoclave  were  emptied  through  the  valve  into  collecting  vessels  cooled 
respectively  with  carbon  dioxide  (-50°)  and  liquid  air.  After  several  distillations  of  the  substance  collected  in  the 
vessel  cooled  with  carbon  dioxide,  besides  unreacted  boron  trichloride,  a  fraction  was  isolated  with  b.  pt.  70®,  d4^ 
1.532,  Op*®  1.4360,  namely,  trichlorofluorocthylene. 

Found 'To;  C  16.62;  F  12.90.  CzFClj.  Calculated ‘7'’;  C  16.08;  F  12.72. 

The  liquid,  in  amount  24.5  g,  from  the  collector  placed  in  liquid  air,  was  distilled  into  sulfuric  ether.  After 
evaporation  of  the  ethereal  solution  4  g  of  the  etherate  of  boron  fluoride  was  isolated,  with  b.  pt.  126®,  630^  1.120, 
Hp”  1.347. 

SUM  MARY 

It  was  shown  that,  as  a  result  of  reacting  tetrafluoroctliylcnc  with  boron  trichloride,  halogen  exchange  take 
place  with  formation  of  trichlorofluoroethylene  and  boron  trifluoride, 

LITERATURE  CITED 

1.  A.  H.  Henue  and  M.  S.  Newann,  J.  Am.  Chem.  Soc.  60,  1697  (1938). 

2.  W.  T.  Miller,  E.  W.  Eager  and  P.  H.  Griswald,  J.  Am.  Chem.  Soc.  1^,  705  (1950). 

3.  A.  B.  Bruker,  T.  G.  Spiridonova,  and  L.  Z.  Soborovskii,  Zhur.  Obshch.  Khim.  350  (1958).* 

4.  R.  N.  Sterlin,  V.  A.  Sidorov,  and  I.  L.  Knunyants,,  Izvest.  Akad.  Nauk  SSSR,  Otdel.  Khim.  Nauk,  62  (1959).* 

5.  F.  G.  A.  Stone  and  W.  A.  G.  Graham,  Chem,  a.  Ind.,  (38)  1181  ( 1955). 

6.  B.  Bartocha,  W.  A.  G.  Graham  and  F.  G.  A.  Stone,  J.  Inorg.  a.  Nucl.  Chem.  6,  119(1958). 

7.  A.  L.  Henne  and  R.  P.  Ruh,  J.  Am.  Chem.  Soc.  W,  1025  (1948). 

8.  A.  W.  Laubengayer  and  C.  R.  Finly,  J.  Am.  Chem.  Soc.  884(1943). 


•Original  Russian  pagination.  See  C.  B.  translation. 


2348 


CYCLIZATION  OF  SUBSTITUTED  PH  E  N  Y  LH  Y  D  R  A  ZO  N  E  S  OF  THE  ETHYL  ESTER 
OF  a-KETO->  -  DIETHYLAMINOBUTYRIC  ACID.  USING  THE  METHOD  OF  E.  FISCHER 

A.  Ya.  Berlin  and  V.  N.  Zaitseva 

Institute  of  Experimental  and  Clinical  Oncology,  Academy  of  Medical  Sciences  of  the  USSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  7,  pp.  2368-2371, 

July,  1060 

Original  article  submitted  July  21,  1959 


The  purpose  of  this  work  was  the  synthesis  of  certain  substituted  indole  derivatives.  For  this,  cyclizatlon  by 
the  method  of  E.  Fischer  was  employed  [1],  starting  from  the  p-acetamino-or  the  p  nitrophenylhydrazone  of  the 
ethyl  ester  of  a-keto-y  -diethyiaminobutyric  acid  (III  and  Ilia)  according  to  the  scheme. 
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Condensation  of  salts  of  p-acetamino-  and  p-r  itrophenyldiazonium  (I  and  la)  with  the  diethylaminoethyl- 
acetoacetic  ester  (II)  [2]  was  achieved  by  the  method  worked  out  by  V.  V.  Feofilaktov  [3].  Conversion  of  phenyl- 
hydrazones  (III  and  Ilia)  into  2-carbethoxy-3-diethylaminomcthyl-5  acetaminoindole  (IV)  and  2-catbethoxy-3- 
diethylaminomethyl-5-nitroindole  (IVa)  was  carried  out  in  the  presence  of  polyphosphoric  acid  [4],  which  proved 
to  he  one  of  the  best  cyclization  agents  for  use  in  the  Fischer  reaction  [5]. 

It  is  known  that  the  character  of  the  substituent  in  the  aromatic  nucleus  of  the  initial  phenylhydrazone  has 
a  significant  effect  on  ease  of  cyclization.  The  presence  in  the  aromatic  nucleus  of  a  nucleophilic  amino-group 
or  a  substituted  amino-group  usually  facilitates  cyclization  [6],  whereas  introduction  of  electrophilic  substituents 
such  as  nitro- groups,  leads  to  inhibition  of  the  reaction  [6,7].  Indications  occur  [8]  even  of  the  complete  failure 
of  experiments  on  cyclization  by  the  E.  Fischer  method  of  the  o,  m-,  and  p-nitrophenyihydrazones  of  the  ethyl 
ester  of  pyrotartaric  acid  and  many  similar  compourds.  Nevertheless,  in  recent  years  a  series  of  experiments  lias 
been  successful  in  accomplishing  cyclization  of  certain  nitropbenyihydrazones  cf  esters  of  a-ketoacids.  For  ex¬ 
ample  Feofilaktov  and  Semenova  [6]  cyciized  the  p- nitrophenylhydrazone  of  the  dietliyl  ester  of  a-ketoglutaric 
acid  into  the  ethyl  ester  of  5-nitro-2-carbethoxy  3- indolylacetic  acid;  Cavallini  and  Ravenna  [9]  synthesized  2- 
carbethoxy-5-nitroindole  from  the  p- nitrophenylhydrazone  of  the  ethyl  ester  of  pyrctartaric  acid;  starting  from 
the  latter  compound  and  its  ortho-and  meta-isomers,  Parmerter,  Cook,  and  Dixon  [10]  by  cyclization,  saponifica¬ 
tion,  and  decarboxylation  obtained  4-,  5-,  6-,  and  7-nitroindoles. 
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llie  results  of  our  experinieiiLs  tallied  wiiii  ib.c  a!)ovo  o'j^ervatiou.'  rc^aruuv^  t!ic  iiifl'aciu  e  ot  sub ■ritiiciits  on 
ease  of  cyclization.  lii  fact,  on  heating  the  p  acetaniinopiicnylh\drazone  of  the  cuvyl  ester  of  u-l<eto->  -dicthyl- 
aminobutyrlc  acid  (III)  with  polyphosphoric  acid  for  ‘2  hours  at  IH-IZO’C.  ('8.3'’/''  of  a  derivative  of  ■'i-acctaniino- 
indole  (IV)  was  obtained,  whereas,  in  the  case  of  the  p  nitrophcnylhydrazonc  of  the  same  acid  (Ilia),  heating  at 
120-140’  for  about  the  same  period  of  time  led  to  the  formation  in  all  of  only  39.1*7'’  of  the  corresponding  5-nitro- 
indole  (IVa). 

The  following  observation  was  of  extreme  interest.  In  an  attempt  to  achieve  cyclization  of  p-acetamino- 
phenylhydrazonc  (III)  by  heating  it  with  a  50'7'  solution  of  H2SO4  in  alcohol,  p-phcnylenediamine  sulfate  was  un¬ 
expectedly  obtained  from  the  reaction  mixture  instead  of  the  expected  indole  derivative.  Formation  of  this  com¬ 
pound  under  these  reaction  conditions  indicates  that,  at  least  in  this  instance,  we  had  for  the  first  time  come  across 
an  occasion  where  the  free  radical  mechanism  of  the  Fischer  reaction  had  operated.  Doubtless,  the  formation  of 
p-phenylencdiamine  in  this  experiment  had  resulted  from  the  fact  that  the  rupture  of  the  N-N  bond  in  the  initial 
phenylhydrazonc  (III)  occurred  earlier  than  the  formation  of  the  C-C  bond  in  the  ortho- position  to  the  nitrogen 
atom.  Hydrolysis  of  the  acetamino-groim  had  taVen  place  simiilrancously.  This  fact  is  of  great  significance  from 
the  point  of  view  of  understanding  the  mechanism  of  the  1-..  Fischer  reaction.  The  latter  should  not  yet  be  con¬ 
sidered  as  finally  established  even  now  [121.  deepite  the  fact  that  the  problem  has  existed  for  over  75  years. 

F  X  P  H  iH  1 1 1-  T  A  1. 

0 - Diethylaminoetlivlaeero.icetic  F-tor(lD.  To  the  sodium  acctoacctic  ester  i  from  1  1.5  g  of  sixii'.nn  in  '80 
ml  of  dry  benzene  and  98.5  g  of  freshly  distilled  acetoacetic  ester)  97.8  g  of  diethylaminoethyl  chloride  was  added 
dropwisc  at  50’C  with  stirring.  The  liquid  was  boiled  under  a  reflux  condenser  for  1  hours  and  was  poured  into  a 
mixture  of  380  g  of  ice  and  95  ml  of  cone.  IICI.  The  aqueous  layer  was  separated,  and  made  alkaline  with  caustic 
soda  solution  until  a  weakly  alkaline  reaction  was  obtained  with  phenolphrhalein.  Tlie  reaction  product  separating 
out  was  isolated,  and  the  aqueous  layer  extracted  with  ether.  The  ethereal  solution  was  added  to  the  main  portion 
of  the  product,  and  dried  with  calcined  potash.  After  distillation  of  solvent,  02.8  g(54.8'7<’)  of  the  ester  was  ob¬ 
tained;  b.  pt.  94-95"  (2  mm),  n^^'  1.4490. 

Found  *7'’;  C  92.9,  92.8;  H  9.97,  10.02;  N  5.99,  9.28.  CijHigOaN.  Calculated ‘7'' :  C  92.85;  H  10.08;  N  9.11. 

Yellowing  took  placr  gradually  on  storage,  even  in  the  dark. 

£-Acetaminoph£nylhyL[razone  of  the  Uthyl  n.stcr  of  a-Keto-y  dicthylaminobiit]/ric  acicl^finh  From  20  g  of 
finely  ground  p-aminoaccLanilidc,  80  ml  of  water,  220  g  of  ice  and  64  ml  of  cone.  llCl,  by  addition  of  a  solution 
of  1 1  g  of  sodium  nitrite  in  100  ml  of  water,  was  obtained  a  diazo  solution,  to  which,  to  remove  excess  HCl,  was 
added  on  cooling  88.8  g  of  sodium  acetate.  To  a  mixture,  cooled  with  ice,  of  34  ml  of  12^70  caustic  soda  solution 
and  144  g  of  crushed  ice  was  simultaneously  added  dropwise  with  vigorous  stirring  the  cold  diazo  solution  and 
30.56  g  of  dicthylaminocthylacctoacetic  ester.  During  this,  the  pH  of  the  solution  was  not  allowed  to  exceed  5.5-6, 
but,  as  acetic  acid  formation  proceeded  during  the  reaction,  addition  of  alkali  was  necessary.  In  this  case,  13.5 
ml  of  a  12*7'’  caustic  soda  solution  was  added  during  the  reaction.  After  mixing  for  4  hours,  the  precipitate  separat¬ 
ing  out  was  isolated,  ground  with  2N  soda  solution  and  e.xtracted  with  chloroform.  The  chloroform  solution  was 
dried  with  calcined  potash,  the  solvent  distilled  off,  and  the  butyric  residue  ground  to  a  yellow  powder  with  petro¬ 
leum  ether.  Yield,  31.91  g(68.8'7<’).  After  recrystallization  from  a  mixture  of  benzene  and  petroleum  ether  (3:2) 
the  phenylhydrazonc  was  obtained  as  bright- yellow  crystals;  m.  pt.  112  113®. 

Found ‘7<';  C  61.94,  62.18;  H  8.04,  8.15;  N  15.96,  15.83.  Ci8H28C')3N4.  Calculated  *7.’:  C  62.10;  H  8.10.  N 

16.08. 

2-Carbethoxy-3-diethylaminomcthyl- 5-acetaminoindole  (IV).  A  mixture  of  0.4  g  of  p-acetaminophenyl- 
hydrazone  (III)  and  10  g  of  polyphosphoric  acid  H5p30in  was  heated  with  stirring  for  2  hours  at  1 14- 120’  (internal). 
On  a  subsequent  day  the  dark,  viscous  product  formed  was  poured  into  100  ml  of  ice  water,  the  solution  neutralized 
with  12*70  NaOH  to  pH  8,  and  the  product  extracted  with  chloroform.  After  drying  with  calcined  potash  and  distil¬ 
lation  of  solvent  in  vacuo,  0.26  g  (98.3*7o)  was  obtained.  Tlie  indole,  recrystallized  from  benzene,  took  the  form 
of  bright- yellow,  slender  needles;  m.  pt.  140  141’. 

Found  *7'’:  C  64.99,  64.85;  H  7.54;  N  12.40,  12.25.  Ci8H25C^3N3.  Calculated  *7'’;  C  95.29;  H  7.60;  N  12.67. 

Formation  of  p- Phenylenediamine  from  the  p- Acetaminophcnylhydra'/.one  of  the  Ptli^l  Pstcr  of  o-Kcto-y  - 
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diPthylaniinohmyric  Acid.  A  mixture  0.58  g  of  the  phenylhydrazone  (III)  and  6.65  ml  of  50*70  sulfuric  acid  in 
absolute  alcohol  was  boiled  on  a  water  bath  for  4  hours.  After  about  1  hour,  brilliant  crystals  began  to  separate 
out  from  the  solution,  and  were  tiien  filtered  off,  washed  with  alcohol,  and  recrystallizcd  from  water;  m.  pt. 

310”  (decomposing). 

Found  *70:  C  34.84  ,  34.82;  H  4.96,  4.85;  N  12.59,  12.30.  CeHgN^ •  HjSO^.  Calculated  %  C  34.94,  H  4.85, 

N  13.59. 

p-Nitrophenylhydrazone  of  the  Ethyl  Ester  of  a-Keto-y  -diethylaminobutyric  Acid  (Ilia).  A  solution  of  4.6 
gof  p-nitroanilinc  in  33  ml  of  dilute  ( 1;1)  hydrocliloric  acid  was  poured  into  38  g  of  crushed  ice,  and  to  the  mix¬ 
ture  with  vigorous  stirring  was  immediately  added  a  cooled  solution  of  2.53  g  of  sodium  nitrite  in  25  ml  of  water, 
'rhen  to  the  diazo  solution  previously  obtained  was  added  22  g  of  sodium  acetate.  To  a  mixture  of  8.9  ml  of  12*70 
caustic  soda  and  3G.5  g  of  crushc^i  ice  simuhaneously  was  added  with  sti.  ring  the  diazo  solution  and  7.64  g  of  di- 
ethylaminoethylacctoacetic  ester  (II).  During  the  reaction  the  pH  was  kept  witliin  the  limits  5.5-6  by  addition 
of  caustic.  Under  these  conditions,  6.9  g  of  a  dark,  viscous  substance  was  formed.  To  the  reaction  product  was 
added  20  ml  of  anhydrous  ethanol  saturated  with  hydrogen  chloride,  and  the  mixture  boiled  under  a  reflux  con¬ 
denser  for  1  hour.  A  bright-yellow  crystalline  precipitate  of  p-nitrophenylhydrazone  hydrochloride  (Ilia)  then  sep¬ 
arated  out.  Yield,  4.44  g(35.8'7(');  m.  pt.  184- 185“  ( from  alcohol). 

Found '7c';  C  51.85,  51.59;  H  6.99,  7,06;  N  14.95,  15.20;  Cl'  8.92.  9.24.  Ci6H24p4N4-HCl.  Calculated  *7o:  C 
51.50;  H  6.76;  N  15.08;  Cl*  9.51. 

Preparation  of  the  p-nitrophenylhydrazone  base  from  the  hydrochloride  was  not  successful. 

2- Carhethoxy- 3- d iethylaminomethyl - 5- nitroindole  ( I Va).  A  mixture  of  1.08  g  of  p-nitrophenylhydrazone 
hydrocliloride  and  1 1  g  of  polyphosphoric  acid  H5P3OJ0  was  heated  for  2  hours  at  120”  and  for  10  minutes  at  140”. 
On  a  subsequent  day  the  reaction  product  was  poured  into  ice  water,  the  precipitate  filtered  off,  and  the  filtrate 
neutralized  with  12  ‘7c'  caustic  soda  to  pH  8.  The  reaction  product  was  exir.icted  with  chloroform,  and  the  chloro¬ 
form  solution  dried  with  calcini  d  potash.  After  distillation  of  solvent,  0.36  g  (39.  l*7o)  of  the  nitro-  derivative  of 
indole  was  obtained.  A  yellow  substance  with  m.  pt.  148.5-149.5*  (from  benzene). 

Found  *7'’:  C  60.10.  59.83;  H  6.53.  6.61;  N  13.06,  13.42.  C16H21O4N3.  Calculated  *7(’:  C  60.19;  H  6.63;  N 

13.16. 

SUMMARY 

1.  By  condensation  of  a  diethylaminoethylacetoacetic  ester  with  p-acetaminophenyldiazonium,  the  p-acet- 
aminophenylhydrazonc  of  the  ethyl  ester  of  a-keto-y  -diethylaminobutyric  acid  was  obtained,  and  by  cyclization 
was  converted  to  2-carbcthoxy-3-diethylaminomethyl-5-acetaminoindole. 

2.  From  a  diethylaminoethylacetoacetic  ester  and  p-nitrophenyldiazonium  was  prepared  the  p-nitrophenyl¬ 
hydrazone  of  the  ethyl  ester  of  a-keto-y  -diethylaminobutyric  acid,  which  was  converted  into  2-carbethoxy-3- 
diethylaminomcthyl- 5- nitroindole. 

3.  By  the  action  of  50‘7<'  sulfuric  acid  in  ethanol  on  the  p-acetaminophenylhydrazone  of  the  ethyl  ester  of 
a-keto-y  -diethylaminobutyric  acid,  p-phenylenediamine  sulfate  was  formed. 
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By  fluorination  of  acetonitrile  vapor  over  copper,  Bigelow  [1]  obtained  CFj  =  NF  and  CHF2CF=NF.  Somewhat 
later,  Cuculo  and  Bigelow  [i;]  described  the  reaction  of  acetonitrile  vapor  and  elementary  fluorine  over  a  copper 
grid,  CFsCFjNFz*  CF2=  NF,  CF4,  and  ethane  tluoroderivatlves  being  formed.  By  fluorination  of  acetonitrile  over 
gold.  Haszcldinc  [3]  obtained  pernuoroethyiaminc.  The  communications  of  Ncrdel  [4]  and  Hiickel  [5]  describe 
the  reaction  of  acetonitrile  and  mercuric  fluoride  at  150-180“C,  where  CH3CF  =  NF,  CH2=CFNF2,  CH3CF2NF2,  and 
CH2  =  C-  NF  are  obtained.  However,  the  authors  cited  do  not  quote  constants  for  these  compounds  nor  proof  of 
their  structure. 

In  tile  present  communication  is  described  the  fluorination  by  diluted  fluorine  of  an  acetonitrile  complex 
with  boron  trifluoride  in  a  copper  reactor  at  room  temperature. 

By  fractional  distillation  of  the  fluorination  products  were  obtained  NF3,  CH3CF3,  CHF2CN,  and  two  new 
substances:  one  with  b.  pt.  —  2510—24.5°  and  the  other  with  b.  pt.  — 4.8  to— 4.7*  together  with  a  considerable 
quantity  of  unchanged  acetonitrile. 

The  substance  with  b.  pt.-25  to- 24.5°  is  a  colorless  gas  of  molecular  weight  97.5.  This  gas  is  completely 
decomposed  by  alcoholic  potash,  docs  not  liberate  iodine  from  an  alcoholic  solution  of  KI,  does  not  combine  with 
bromine,  decolorizes  an  aqueous-alkaline  solution  of  potassium  permanganate,  dissolves  in  organic  solvents  and 
to  a  limited  extent  in  water.  Its  composition  by  elements  and  its  molecular  weight  indicate  the  molecular  formula 
C2H2NF3.  The  structure  of  such  a  compound,  considering  it  is  formed  on  fluorination  of  acetonitrile,  must  be 
represented  by  the  following  very  probable  isomers. 

Cllj.CFNFj  CHzFCF^NF  CHz-CFj 

\ivf/ 

U)  (II)  (111) 

To  clarify  the  structure  of  the  substance  described,  its  IR-spectrum  was  observed,  in  which  were  found  the 
following  bands,  where  v.i.  means  very  intense,  i.  intense,  m.i.  medium  intensity,  w.i.  weak  intensity; 

840  (i.),  883  (m.i.),  976  (v.i.),  1064  (v.i.),  1102  (v.i.),  1180  (v.i.),  1190  (v.i.),  1300  (v.i.),  1370  (1.),  1422  (1.), 
1458  (i.),  1472  (i.),  1620  (w.i.).  2990  (i.)  cm'^. 

The  band  at  2990  cm**  is  cliaracteristic  of  C-H-bonds,  the  group  of  bands  in  the  region  1000-1400  cm”* 
is  caused  by  vibrations  of  C-F.  Evidently,  the  intense  band  at  976  cm  must  be  attributed  to  the  valence  vibra¬ 
tion  of  the  N-F-bond.  As  all  three  conjectured  structural  formulas  of  the  substance  C2H2NFs  are  characterized  by 
the  presence  of  the  bonds  C-H,  N-F,  and  C-F,  the  portion  of  the  spectrum  establishing  its  structure  must  be  that 
in  the  region  of  the  frequencies  corresponding  to  the  double  bonds  C  =  C  and  C  =  N.  From  the  literature  it  is  known 


2353 


iliat  for  fliiorinatcd  iinsatiiratcd  compounds  the  absorption  bands  cliaracterisiic  for  C  =  C  and  C=N  bonds  differ 
greatly  in  intensity  and  are  within  the  limits  1650-1872  cm''  [6],  which,  however,  in  this  instance  w'cre  not 
detected. 

Thus,  the  formula  of  stnictnres  (I)  and  (II)  of  the  substance  C2H2NF3  are  not  confirmed  by  the  spectroscopic 
data,  and  so  formula  (III)  is  more  likely.  Confirming  a  cyclic  structure  of  this  compound  is  done  by  the  presence  in 
the  IR-spcctrum  of  absorption  bands  at  840  and  885  cm"',  which  must  be  interpreted  as  deformation  vibrations 
of  a  three- membered  ring,  this  agreeing  with  the  similar  data  of  Thompson  and  Cave  [7],  after  having  investiga¬ 
ted  the  vibration  spectra  of  cthylencimine. 

Hence,  according  to  its  chemical  properties,  molecular  weight,  and  characteristic  IR-spectrum  frequencies, 
to  the  substance  investigated  must  be  attributed  the  formula  of  fluorinated  ethyleneimine. 

The  substance  with  b.  pt.-4.8  to- 4.7",  in  the  gaseous  and  liquid  states  is  colorless,  has  a  molecular  weight 
117,  does  not  liberate  iodine  from  an  alcoholic  solution  of  KI.  does  not  decolorize  an  aqueous-alkaline  KMn04 
solution,  and  dissolves  in  alcohol  and  benzene.  Its  constitution  by  elements  and  molecular  weight  corresponds  to 
the  molecular  formula  C2H3NF4.  A  substance  of  such  a  composition  must  have  several  isomeric  structures.  In 
fluorination  of  acetonitrile  the  formation  of  the  isomer  CH3CF2NF2  is  the  most  likely. 

In  the  IR-sjK!Ctrum  of  the  substance  there  arc  absorption  bands  at  040  and  3000  cm  ',  which  must  correspond 
respectively  to  N  F  and  C-H  bonds. aid  there  is  also  a  greup  of  bands  in  the  region  1000-1400  cm*'  caused  by 
C-F  vibrations.  An  absorption  band  in  the  region  of  double  bonds  is  not  observed.  All  these  properties  agree  well 
with  the  stnicture  proposed  above  for  this  substance,  that  of  a,  o.N.N-tetrafluoroethylamine. 

On  fluorination  of  the  complex  CH3CN‘BF3  by  elementary  fluorine,  a  considerable  amount  (about  36*70)  of 
acetonitrile  remains  unchanged  and  on  removal  from  the  sphere  of  reaction  collects  in  the  receiver  together  with 
the  fluorination  products.  Yields  of  fluorination  products,  calculated  from  the  acetonitrile  used,  are  equal  to:  NF3 

6,5*70,  CH3CF3  5*70.  CH2CF2NF  3*7o,  2.5*7r.  and  CHF2CN  1*70. 

I _ I 

From  the  structure  of  the  substances  obtained  it  follows  that  on  fluorination  of  acetonitrile  mainly  C  =  N 
bonds  enter  into  the  reaction,  and  also  that  substitution  of  hydrogen  atoms  by  fluorine  takes  place  in  the  methyl 
group.  Predominant  fluorination  at  the  C  ^N-bond  is  in  accord  with  the  energies  of  the  bonds  C-H  (87.3  kcal  / 
mole)  and  C-N  (48.6  kcal  /mole)  [8]. 

The  fluorination  must  be  represented  by  the  following  scheme. 

CllgC-^N  (rMIgCF^NFl  ^  CHaCFoNFi 
CMaCFoN  Fo  CM3CF3  -f  N  F3 
CMjCN  [CHaFCN)  ClIFaC^N 

The  path  that  trifluoroethyleneimine  formation  follows  is  not  quite  clear.  It  must  be  assumed  that  its  forma¬ 
tion  occurs  as  a  result  of  conversion  of  free  radicals  formed  during  the  fluorination  process. 

EX  PERIMENTA  L 

The  complex  CH3CN'BF3  was  prepared  by  passing  BF3  into  acetonitrile  at  room  temperature  [0]. 

Fluorination  of  the  complex  CH3CN‘BF3.  Into  a  copper  reactor  (diameter  25  mm,  height  250  mm)  was  intro¬ 
duced  40  g  of  complex  mixed  with  40  g  of  calcined  KF  and  40  g  of  small  cylinders  (diameter  3-5  mm,  height 
10-15  mm)  prepared  from  a  brass  mesh.  Fluorine,  diluted  to  10-20*7°  with  nitrogen,  was  passed  into  the  lower  part 
of  the  reactor  at  room  temperature  at  a  flow  rate  of  6-10  liters/hour.  The  fluorination  products  were  purified  with 
a  mixture  of  calcined  KF  and  NaF  (with  HF  as  a  binder)  and  condensed  in  receivers  cooled  to-80"  and- 190".  After 
6  hours  of  fluorination,  3.5  g  of  products  was  obtained  boiling  at- 80",  and  5.6  g  of  a  liquid  which  did  not  boil  at 
room  temperature.  From  the  receiver  cooled  with  liquid  air,  after  vaporization  and  washing  the  gas  with  baryta 
water  (to  remove  CO2  and  BF3)  1.8  liters  of  gas  was  obtained.  After  fractional  distillation  had  been  carried  out 
three  times  on  75  g  of  the  carbonate  condensate,  tliree  pure  substances  separated  on  the  low- temperature  column*, 
with  b.pt.-47.5-46",  11  g  ( 1st  fraction),  with  b.  pt. -25- 24.5",  8  g  (2nd  fraction),  and  with  b.  pt.-4,8-4.7",  8  g 
(3rd  fraction). 
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1st  fraction. 

Found  7'’:  C  28.47.  27.50;  H  5.48,  5.77;  F  66.06,  66.96.  M  86.0,  85.5.  C2H3F3.  Calculated c  28.6;  H  3.53; 
F  67.8.  M  84. 

rrcm  analysis,  niolcciilar  weight,  and  boiling  point,  the  substance  was  1,1,1-trifluorocthane  (b.  pt.-46.7* 

[10]). 

2nd  fraction.  Colorless  in  the  liquid  and  gaseous  states. 

Found '7'-:  C  21.7;  H  1.3;  N  14.28,  15.40;  F  58.86,  59.39.  M  96.5.  97.5.  C2H3NF2.  Calculated ‘To;  C  24.7; 

H  2.06;  N  14.35;  F  58.8.  M  97.0. 

Tlic  IR-spcctraof  the  2nd  and  3rd  fractions  were  taken  on  a  "Perkin  Elmer"  spectrometer,  model  12-B,  with 
automatic  recording  in  the  region  800-4000  cm'*  in  the  gaseous  state  in  a  cell  120  mm  long  with  sylvite  openings 
under  a  pressure  in  the  cell  from  700  to  5  mm. 

3rd  fraction  exploded  on  heating  above  200". 

Found  "70;  N  13.7,  13.5;  F  66.06.  66.96,  M  115,  119.  C2H3NF4.  Calculated  *70:  11.95;  F  65.0  M  117. 

On  fluorination of  1  kg  of  thc.complex  CH3CN-BF3  a  150  g  yield  was  obtained,  boiling  above  20",  from 
which  was  withdrawn  4  g  of  a  fraction  boiling  at  14-18"  (containing  C.H.N.F),  not  examined  more  closely,  and  2 
g  of  a  fraction  with  b.  pt.  22-24".  All  of  the  residue  distilled  at  80-82"  and  proved  to  be  unchanged  acetonitrile, 
containing  on  analysis  a  small  quantity  of  fluorine  (apparently  in  the  form  CH2FCN). 

Fraction  22-24". 

Found  7'':  C  28.87.  30.14;  H  2.28,  3.4;  F  48.5.  C2HNF2.  Calculated C  31.2;  H  1.37;  F  49.4. 

From  analysis  and  boiling  point  tliis  was  CHF2CN  (b.  pt.  22.8-23.4")  [11]. 

After  treatment  with  baryta  water  of  10  liters  of  fluorination  products  of  the  complex  CH3CN'BF3,  boiling 
bclow-8n",  11  g  of  a  colorless  liquid  (in  liquid  air)  was  obtained,  mixed  with  white  crystals.  After  separation 
from  the  crystals  and  distillation,  3.2  g  of  NF3  was  isolated,  with  b.  pt.- 122- 120",  M  75  (according  to  the  data 
in  tlic  literature  [12]:  b.  pt.  — 129"). 

SUMMA  RY 

On  fluorination  of  a  complex  of  acetonitrile  witli  boron  trifluoride  by  means  of  elementary  fluorine, nitro¬ 
gen  trifluoride,  1,1,1  trifluoroc thane,  difluoroacetonitrilc,  and  N-fluoro-a,a-difluoroethylamine  (CH3CF2NF2), 
not  described  in  the  literature,  and  N-fluoro- 1,1-difluorocthylencimine  (CH2  CF2NF)  were  obtained.  The  scheme 
for  the  formation  of  the  fluorination  products  was  discussed.  ’ - * 
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By  fluorinafing  silver  cyanide,  Ruff  and  Giese  [1]  obtained  a  large  number  cf  different  polyfluorinated  com¬ 
pounds  and  a  characteristic  of  this  process  was  the  formation  of  flucro  derivatives  with  a  larger  number  of  carbon 
and  nitrogen  atoms  than  in  the  original  silver  cyanide.  Tlius,  together  with  the  sim.plcst  fluoro  derivatives  (CF4. 
CF3NO,  COF2,  SiF4.  C2F5),  the  authors  isolated  considerable  amounts  of  (CNF3)2.  (CNF3)3  and  (CNF4)2. 

In  the  present  work,  we  describe  the  analogous  (heterogeneous)  fluorination  of  silver  and  potassium  cyanates. 
Tlie  reaction  was  carried  out  by  treating  a  mixture  of  the  starting  cyanate  and  calcium  fluoride  with  elementary 
fluorine  diluted  with  nitrogen  at  25-55“.  Tlie  fluorination  rate  was  insignificant  at  lower  temperatures. 

Tlic  fluorination  of  silver  cyanate  formed  carbonyl  fluoride,  COF2(72'7o)  and  carbon  dioxide  (24.5*7o).  No 
other  nitrogen-containing  substances  could  be  detected  iVi  tlie  reaction  products.  The  latter  is  evidently  explained 
by  the  fact  that  die  nitrogen  from  the  cyanate  was  converted  into  the  elementary  state  and  it  was  difficult  to 
establish  its  presence  as  the  starting  fluorine  was  strongly  diluted  with  nitrogen.  The  silver  cyanate  was  quantita¬ 
tively  converted  to  silver  difluoride. 

Fluorination  of  potassium  cyanate  yielded  trifluoromethyl  hypofluoritc,  CF3OF  (about  RO'V'’’)  and  nitrogen 
trifluoride,  NF3  (about  6OI0)  together  with  potassium  fluoride  and  small  amounts  of  carbon  dioxide  and  carbonyl 
fluoride. 

Trifluoromethyl  hypofluoritc  was  synthesized  previously  by  fluorination  of  carbon  monoxide  [2]  or  methanol 
vapor  [3]  at  160-180"  on  a  silvered  copper  catalyst.  The  high  yield  of  trifluoromethyl  hypofluoritc  from  the  fluo¬ 
rination  of  potassium  cyanate  makes  it  possible  to  recommend  this  method  for  preparative  purposes  [4].  The  forma¬ 
tion  of  appreciable  amounts  of  carbon  dioxide  in  the  reaction  product  is  evidently  explained  by  the  oxidizing  ac¬ 
tion  of  oxygen,  catalyzed  by  elementary  fluorine  [5],  which  was  present  in  the  fluorine  we  used  in  up  to  7*7®  by 
volume. 

From  what  has  been  presented  it  follows  that  the  fluorination  of  cyanates  is  considerably  affected  by  the 
nature  of  the  salt- forming  metal.  The  halogenation  of  carboxylates,  where  die  metal  is  connected  to  oxygen  as 
in  cyanates,  is  known  to  form  acyl  hypohalites  RCOOX,  which  are  stable  in  solution  [6].  Analogously,  the  fluorina¬ 
tion  of  fluorine-substituted  carboxylic  acids  yields  stable  acyl  hypofluorites  [7]. 

It  may  be  assumed  that  in  the  case  of  cyanates,  fluorination  begins  with  the  formation  of  the  corresponding 
hypofluoritc  FOCN.  However,  we  were  unable  to  detect  this  compound  in  the  fluorination  products  and  this  may 
be  explained  by  its  great  tendency  for  further  fluorination  at  the  C  =  N  bonds  according  to  the  scheme; 


MeOC=N  ^  (FOC=Nl  [FOCFoNFo]  FUCF34-NF3 

However,  the  scheme  examined,  which  agrees  well  with  the  results  of  fluorination  of  potassium  cyanate, 
does  not  reflect  all  the  processes  occurring  during  the  action  of  fluorine  on  silver  cyanate.  This  indicates  tliat 
the  fluorination  of  the  cyanates  proceeds  evidently  according  to  different  schemes. 
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With  acetonitrile,  Bigelow  et  al.  [8]  showed  that  the  action  of  elementary  fluorine  on  this  compound  results 
in  not  only  substitution,  but  also  the  addition  of  fluorine  at  die  C  =  N  triple  bond.  We  found  that  in  the  heterogene¬ 
ous  fluorination  of  the  complex  Cn3CN*BF3.  the  addition  of  fluorine  at  the  C^N  bond  is  the  predominating  reac¬ 
tion  and  results  in  the  formation  of  CH3CF2NF2  [9]. 

On  this  basis,  it  may  be  considered  that  the  fluorination  of  cyanates  begins  not  with  replacement  of  the 
metal  by  fluorine,  but  with  addition  of  the  latter  at  the  N  triple  bond  according  to  the  scheme: 

MeOC~N  -U.  (MeOCFjNFz)  (MeOGF,)  f  (NFa). 


As  a  result  of  further  conversion  of  the  intermediate  metal  trifluoromethylatc  (depending  on  the  nature  of 
the  metal),  eitlier  carbonyl  fluoride  or  trifluoromethyl  hypofluorite  may  be  formed. 

AgFj-l-COFj-f  N2 


KF  f  CFaOF  -f  NF3 

The  fact  that  the  formation  of  trifluoromethyl  hypofluorite  proceeds  according  to  the  scheme  examined  and 
not  as  a  result  of  subsequent  fluorination  of  carbonyl  fluoride  is  indicated  on  the  one  hand  by  the  ease  of  forma¬ 
tion  of  this  compound  during  fluorination  of  potassium  cyanate  (50-55°  instead  of  160-180",  which  is  required  for 
the  conversion  of  COF2  CF3OF  on  silver)  and  on  the  other  hand  by  the  fact  that  in  the  fluorination  of  silver 
cyanate,  i.e.,  in  the  presence  of  AgF2  formed  (which  is  a  fluorination  catalyst), the  reaction  stops  at  carbonyl  fluo¬ 
ride. 


(NF2-I-  MeOCFal 


F, 


EXPERIMENTAL 

A  copper  reactor  (25  mm  in  diameter  and  250  m.m  in  height)  was  charged  with  a  mixture  of  equal  weights 
of  silver  or  potassium  cyanates  and  dry  potassium  fluoride  in  cylinders  (3-6  mm  in  diameter  and  10-15  mm  in 
height)  of  brass  gauze.  The  fluorine-nitrogen  mixture  containing  5-8‘7oof  fluorine  was  introduced  into  the  bottom 
of  the  reactor  at  7-13  liter/hr.  Tne  AgOCN  was  fluorinated  25-30"  and  the  KOCM  at  50  55".  The  fluorination  pro¬ 
ducts  were  freed  from  IIF  with  a  mixture  of  baked  potassium  and  sodium  fluorides  and  collected  in  a  trap  cooled 
with  liquid  air. 

Fluorination  of  silver  cyanate.  We  fluorinated  15  g  of  917°  salt,  distillation  of  the  reaction  products  yielded 
5.3  g  of  a  fraction  with  b.p.  -85-83*.  The  product  reacted  with  aniline  to  form  diphenylurea  with  m.p.  235-236" 
(from  methanol).  A  mixed  melting  point  was  not  depressed. 

Found  °io:  N  13.65.  C13H12ON2.  Calculated  N  13.2. 

According  to  the  fluorine  content  (46.8-47.0'7o)  and  molecular  weight  (59.0  and  59.2),  the  fraction  with  b.p. 
-85-83"  was  a  mixture  of  81. 5*70  COFjfb.p.  -83.1"  [10])  and  IS.S^^f  COj  (sublimation  p.  -78.2  [11]).  After  the 
fluorination,  there  remained  in  the  reactor  a  white  powder  which  contained  AgF2  in  an  amount  equivalent  to  the 
silver  content  of  the  cyanate. 

Fluorination  of  potassium  cyanate.  We  fluorinated  16.5  g  of  salt.  The  reaction  products  (27  g), which  con¬ 
densed  at  liquid  air  tempeiature,  were  separated  from  the  solid  particles  (COF2  and  CO2)  by  .siphoning  and  distilled 
on  a  low -temperature  column.  The  first  fraction  had  b.p.  -127-125",  8.5  g,  and  the  second  fraction  had  b.p.  -95- 
-93",  16.5  g. 

The  first  fraction  was  a  colorless  liquid  at  liquid  air  temperature.  According  to  the  molecular  weight  (70.2 
and  70.4,  calc.  71.0)  and  the  boiling  point  (-129  [12]),  the  fraction  was  NF3. 

The  second  fraction  remained  liquid  at  liquid  air  temperature;  it  liberated  Iodine  from  KI  solution. 
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Found'?’:  C  11.3,  12.orv,  F  71.1;  72.1.  F  (active)  35.9.  35.9.  M  101.4.  104.2.  COF4.  Calculated  7o;  C  11.54; 

F  73.1;  F  (active)  36.5.  M  104.0. 

According  to  molecular  weight,  elementary  composition,  the  boiling  point  of  -94.2i0.5'’  [3],  and  propertief 
the  fraction  was  CFsOF.  After  fluorination,  the  reactor  was  found  to  contain  KF  in  an  amount  equivalent  to  the 
amount  of  potassium  in  the  cyanate. 

SUMMA  RY 

1.  The  only  organofluorine  product  from  the  fluorination  of  silver  cyanate  by  elementary  fluorine  was 

carbonyl  fluoride.  j 

2.  Fluorination  of  potassium  cyanate  readily  yielded  trifluoromethyl  hypofluorite  (in  about  80‘y<'  yield)  and 

nitrogen  trifluoride.  • 

3.  A  scheme  for  the  formation  of  products  from  the  fluorination  of  silver  and  potassium  cyanates  is  discussed. 
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Scientific  Research  Institute  of  Polymerized  Plastics 
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Tlic  literature  contains  descriptions  of  various  hydroxymethoxybenzophenones,  4-hydroxy-4* -ethoxy-4,4’ - 
diethoxy-  [11,  4,4'-dipropoxy-  [2],  and  2,2* -dicthoxybenzophenones  [3],  etc.  2-Hydroxy •  4-methoxybenzophenone, 
which  was  prepared  by  nicthylation  of  the  monosodium  or  potassium  salt  of  2,4-dihydroxybenzophenone  [4],  is 
known  to  be  a  good  light  stabilizer  fo'  a  whole  series  of  polymers  [5], 

In  a  search  for  good  light  st.abilizers  for  polyethylene,  we  synthesized  2-hydroxy-4-ethoxy-,  2-hydroxy-4- 
n-propoxy,  and  2-hydroxy- l-n-butoxyhcnzophenones.  In  addition,  we  obtained  the  condensation  products  of 
normal  hexyl,  octyl,  noiiyl,  and  decyl  bromides  with  the  monosodiiun  salt  of  2,4-dihydroxybenzophenone. 

The  2-hydroxy-4-alkoxybenzophcnones  were  obtained  according  to  the  following  scheme: 


OH  OH 


Tlie  starting  2,4  dihydroxybenzophenone  was  obtained  by  Balyer’s  method  [6]  by  fusion  of  benzoic  acid  with 
resorcinol  in  the  presence  of  zinc  chloride  at  160-165*. 

It  should  be  noted  that  the  alkoxylation  of  2,4-dihydroxybenzophenone  occurred  only  in  position  4.  This  is 
indicated  by  the  fact  that  methylation  of  the  monosodium  salt  of  2,4-dihydroxybenzophenone  with  methyl  iodide 
or  dimethyl  sulfate  gave  only  2-hydroxy- 4-mcthoxybenzophenone,  a  crystalline  substance  melting  at  62,  64,  and 
66"  (data  of  different  autbors  [7]),  depending  on  the  degree  of  purity,  while  the  isomeric  4-hydroxy-2-methoxy- 
benzophenone,  which  w'as  obtained  by  another  scheme,  melts  at  124"  [8], 

EXPERIMENTAL 

1.  2- Hydroxy -4-ethoxybenzophenone.  A  solution  of  2  g  of  dry  sodium  hydroxide  in  5  ml  of  water  was  dilu¬ 
ted  with  15  ml  of  rectified  alcohol  and  10.7  g  (  0.05  mote)  of  2,4-dihydtoxybenzophenone  was  dissolved  in  the 
resultant  solution  at  room  tcmperatiu-e  with  vigorous  shaking.  Ethyl  bromide*  (4.2  ml)  was  then  added  with  stir¬ 
ring.  The  flask  was  shaken  vigorously  lOr  1-2  min,  connected  to  a  reflux  condenser,  and  placed  on  a  water  bath. 

The  mixture  was  heated  at  30-40"  for  1  hi  and  then  at  65-75"  for  16  hr.  The  cooled  mixture  was  treated  with  ap¬ 
proximately  40  ml  of  water  and  extracted  with  ether  (250  ml).  The  ether  solution  was  washed  with  water  and  dried. 
After  removal  of  the  ether,  the  residue  was  recrystallizcd  twice.  We  obtained  4.3  g  (35°]o)  of  yellow-orange  crystals 
with  m.p.  54.5*  (from  lO^o  alcohol).  The  substance  was  difficultly  soluble  in  water,  but  soluble  in  hot  alcohol  and 
benzene.  ' 


•Alkyl  bromides  and  iodides  were  usually  used;  alkoxylation  proceeded  very  slowly  with  alkyl  chlorides. 
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Found'?'’;  C  74.02.  7}. 22;  H  5.74;  OH  6.01.  7.2;  PCjIIj  j;^..72.  1^.40.  M  274.7.  0,5!!, 4(^3.  Caiculutcd 

C  74.34:  H  5.82;  OU  7.02;  OC2H5  18.5.'.  M  242.1. 

2.  2- Hydroxy-4-n-propoxyben7-ophenone.  2,4-Dihydroxybenzophenone  ( 10.7  g)  was  dissolved  in  an  aqueous 
alcohol  solution  of  alkali  (2  g  NaOH+  4  ml  H2O+  18  ml  alcohol).  Propyl  bromide  ( 10  ml). approximately  two-fold 
excess,  was  then  added.  The  reaction  mixture  was  shaken  vigorously  and  heated  under  reflux  on  a  water  bath  at 
70-80"  for  13  hr.  When  the  flask  was  cooled,  a  dark  orange  precipitate  formed  and  this  was  sucked  dry  on  a  Buchner 
funnel  and  treated  with  ether.  The  ether  solution  was  washed  with  water  and  dried,  the  ether  removed  and  the 
residue  recrystallizcd.  Wc  obtained  ~  3.65  g  (  .30'?)  of  white  crystals  with  a  yellow  tint  with  m.p.  67°  ( from  65'?'’ 
alcohol).  The  substance  was  difficultly  soluble  in  water,  soluble  in  hot  alcohol  and  readily  soluble  in  ether  and 
benzene. 

Found  *?<’:  C  74.64,  75.04;  H  6.16.  6.18;  OH  6.91.  7.08;  OC3H7  22.4,22.5.  M  247.6.  CigHigOa.  Calculated 
'?'’:  C  74.96;  H  6.29;  OH  6.64;  OC3H7  23.04.  M  256.1. 

3.  2-Hydroxj  -4-n-butoxybenzoplienone  was  obtained  analogously  in  a  yield  of  5.4  g  (about  40'?’);  it  formed 
greyish  white  crystals  with  m.p.  56-57°  (from  80'>  alcohol).  It  was  difficultly  soluble  in  water,  soluble  in  hot  alco¬ 
hol  and  readily  soluble  in  ether  and  benzene. 

Found'?'’;  C  75.4.  "’5. ’.5;  H  6.-4.  6.65;  OH  5.87,  6.14;  OC4H9  26.3.  M  265.7.  0,711,803.  Calculated'’-' ;  C 
75.52;  H  6.7;  OH  6.29;  OC4H9  27.01.  M  270.1. 

Analogously,  prolonged  heating  (18-23  hr)  on  a  water  bath"  yielded  the  condensation  products  of  the  mono 
sodium  salt  of  2.  4  dihydroxybenzophenone  with  normal  hexyl,  octyl,  nonyl,  and  decyl  bromides.  The  identifica¬ 
tion  of  these  condensation  products  is  not  yet  complete. 


Condensation  prod¬ 
uct  ofNa  salt  of 
2,4-dihydroxyben- 
zophenonc  ('/'’)  witii; 

1  ! 
Found  ('?5) 

1 

Empirical  : 
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2-hydroxy-4-alK- 
oxyoenzophenone 
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SU  MMA  RY 


1.  The  possibility  of  alkoxylation  of  2,4-dihydroxybenzophenone  in  position  4  was  demonstrated. 

2.  Alkoxylation  of  2,4-dihydroxybenzophenone  yielded  2  hydroxy -4 -ethoxy-,  2  hydroxy-4-n-propoxy-, 
and  2-hydroxy-4-n-butoxybenzophenones  and  also  the  products  from  the  condensation  of  an  alkaline  solution  of 
2,4-dihydroxybenzophenone  with  normal  hexyl,  octyl,  nonyl,  and  decyl  bromides. 
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•  The  condensation  with  decyl  bromide  was  carried  out  on  a  glycerol  bath  at  110-115"  for  15  hr. 
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2-NltrodiTrcdone  is  readily  halogenatcd  and  forms  2-halo-2-nitrodimedones,  In  which  the  halogen  is 
extremely  labile  [1.2].  Bromination  of  dimcdor.csulfonic  acid  (1)  with  bromine  water  forms  2-bromodimedone. 
Depending  on  the  amount  of  bromine  used,  sodium  dimedenesuifonate  reacts  with  bromine  in  glacial  acetic  acid 
to  give  both  2-bromo-  and  2,2-dibromodimedonc.  In  this  reaction,  dimedonc sulfonic  acid  behaves  analogously  to 
aromatic  hydroxysulfonic  acids  [3]. 


I 

SO3H 

(i) 


It  has  long  been  known  that  a  sulfonic  acid  group  at  a  carbon  atom  with  a  double  bond  is  readily  elimina¬ 
ted  [4]  and  this  has  been  confirmed  with  sulfonic  acids  of  unsaturated  aldehydes  [5], 

In  our  case,  the  ready  eliminition  of  the  sulfonic  acid  group  is  evidently  connected  with  the  electromeric 
effect  of  the  hydroxyl  and  keto  groups. 

During  the  attick  of  the  electrophilic  agent,  namely,  bromine,  the  active  complex  (U)  may  be  formed  and 
this  may  immediately  yield  2-bromodimedonesulfonic  acid  (III).  In  compound  (III)  the  C-S  bond  is  strongly  polar¬ 
ized  and  therefore  is  readily  cleaved  hydrol)tically  with  the  formation  of  2-bromtxJimedone  (IV),  which  is  further 
brominated  when  excess  bromine  is  present  and  forms  2,2-dibromodimedone. 


2361 


Dlnicdoncsultonic  acid  reacts  with  other  electrophilic  aecnts  ( i^xlinc  ctiloride,  sulfiiryl  ciiloride,  nitric  acid, 
and  aryl  dia/.o  compounds)  similarly  to  bromine  and  loses  the  siilfcnic  acid  group. 

The  reaction  of  sodium  dimedonesulfonate  in  glacial  acetic  acid  with  the  dioxane  complex  of  iodine 
chloride  (C4HgC')2‘21Cl)  yielded  2.2-diiododimedone,  which  has  not  been  described  in  the.  literature. 

Sulftiryl  chloride  gives  an  almost  quantitative  yield  of  2,2-dichlorodimedone  with  dimedonesulfonic  acid. 

Nitration  of  sodium  dimedonesulfonate  with  fuming  nitric  acid  in  anhydrous  ether  yielded  2-nitrodimedone. 
In  contrast  to  cu-acetophenonesulfonic  acid,  2-arylhydrazonodimedones  were  formed  in  coupling  reactions  with 
aryl  diazo  compounds  in  neutral  and  alkaline  media. 

In  all  these  cases  of  reactions  with  electrophilic  reagents,  for  example  nitration  [7-10],  chlorination  [11], 
and  iodination  [12],  dimedonesulfonic  acid  is  similar  to  aromatic  o-hydroxysulfonic  acids. 

Like  sodium  1  ,.'l-indandione- 2 -sulfonate  [13],  when  heated  with  ammonium  acetate  and  glacial  acetic  acid, 
sodium  dimedonesulfonate  forms  the  imine  of  ammonium  dimedonesulfonate,  which  may  exist  in  two  tautomeric 
form*;  (V,  VI). 
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To  establish  the  structure  of  the  imine  obtained,  we  plotted  its  infrared  absorption  spectra.  Figure  1  shows 
tliat  the  vibrations  of  an  unconjugated  keto  group  ( 1700- 1740  cm"’)  were  absent.  Tlie  absorption  maxima  at  1510 
and  1055  rm  '  arc  largely  characteristic  of  a  conjugated  enamine  form.  The  valence  vibrations  of  the  S-O  bond 
appeared  at  1037  cm"'.  For  comparison,  we  plotted  the  infrared  spectrum  of  dimedone  imine  (Fig.  2). 


Fig.  1.  Infrared  spectrum  of  the  imine  of  ammonium  dimedone-2- 
sulfonatc. 


From  the  spectroscopic  investigations  it  follows  that  the  imine  of  ammonium  dimcdonc-2-sulfonate  exists 
in  the  enamine  form  (VI)  and  is  an  aminovinyl  ketone,  for  which  the  mesomeric  structure  (VII)  is  more  probable. 
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The  phenylimine  of  aniline  dimedone-2-sulfonate  was  obtained  analogously.  Since  the  spectrum  of  the 
phenylimine  (Fig.  3)  shows  no  characteristic  absorption  of  an  unconjugated  carbonyl  group  and  the  absorption 
maximum  at  lb.35  cm"’  may  be  assigned  to  the  vibrations  of  a  conjugated  C  =  0  bond,  we  consider  that  the  phenyl¬ 
imine  exists  in  the  enamine  form  (VIII). 
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Fig.  2.  Infrared  spectrum  of  dimedone  imine. 

Derivatives  of  dimedcnesulfonic  acid  substituted  in  the  sulfonic  acid  group  are  obtained  with  difficulty. 
Tlie  chloride  could  not  be  obtained  by  the  action  of  a  three-fold  exce'‘s  of  phosphorus  pentachloride  on  sodium 
dimcdonesulfonate.  Chlorine-containing  products  were  formed  and  these  may  have  been  analogous  to  those  ob¬ 
tained  from  dimedone  and  phosphorus  pentachloride  [14];  they  were  not  investigated  in  more  detail. 


Fig.  3.  Infrared  spectrum  of  the  phenylimine  of  aniline  dimedone- 
2-sulfonate. 

When  equimolecular  amounts  of  sodium  dimedonesulfonate  and  phosphorus  pentachloride  were  used,  it  was 
possible  to  obtain  the  sulfonyl  chloride  (IX);  the  latter  was  then  converted  into  the  anilide  (X). 
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Dimedonesulfonyl  chloride  (IX)  was  also  obtained  by  prolonged  boiling  of  the  sulfonic  acid  (I)  with  thionyl 
chloride.  A  partial  reaction  occurred. as  by  the  action  of  aniline  on  the  reaction  mixture  it  was  possible  to  isolate 
the  aniline  salt  of  dimedcnesulfonic  acid  in  addition  to  the  anilide  (X). 

An  attempt  to  prepare  the  sulfonyl  chlOTide  from  sodium  dimedone-2-sulfonate  and  chlorosulfonic  acid  [15- 
17]  did  not  give  positive  results. 

The  structure  of  the  anilide  (VIII)  was  confirmed  by  the  infrared  absorption  spectrum  (Fig.  4),  in  which  tfie 
frequency  1154  cm‘‘  (1165-1135  cm'^  [18])  conesponded  to  the  symmetrical  valence  vibrations  of  the  S  =  0  bond, 
and  the  frequencies  of  1592.5  and  1643  cm"*,  to  the  C  =  C  and  C  =  0  conjugated  bonds. 

We  obtained  methyl  dimedone-2-sulfonate  by  the  action  of  diazomethane  on  dimedcnesulfonic  acid  [19, 
20].  Methyl  dimedone-2-sulfonate  (XI)  dissolved  in  water  readily  with  an  acid  reaction.  In  a  benzene  solution 
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Fig.  4.  Infrared  spectrum  of  the  anilide  of  dlmedone  2-sulfonlc 
acid. 


Fig.  5.  Infrared  spectrum  of  methyl  dimedonc-2-sulfonate. 
with  ammonia,  it  formed  the  ammonium  salt  of  methyl  dimedone-2-suifonate  (XII). 


The  fact  that  methylation  occurred  at  the  sulfonic  acid  group  [21]  and  not  at  the  enol  hydroxyl  group  [22] 
is  indicated  by  the  displacement  of  the  absorption  band  of  the  S  =  0  bond  toward  higher  frequencies  in  the  spectra 
of  the  ester  (Fig.  5)  and  its  ammonium  salt  (Fig.  6)  in  comparison  witli  the  spectra  of  the  sulfonic  acid  salts. 


Fig.  6. .Infrared  spectrum  of  the  ammonium  salt  of  methyl  dimcdonc- 
2-sulfonate. 
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In  the  literature  [23]  it  Is  reported  that  the  s)Tnmetric:il  valence  vibrations  of  S  =  0  in  covalent  sulfonates  give 
frequencies  in  the  range  1200-1M3  cm’^  and  for  sulfonic  acid  salts,  1060-1030  cm’*,  while  methyl  dimedone-2- 
sulfonate  absorbed  at  1128  and  its  ammonium  salt  at  1164  cm'*.  As  yet,  it  is  difficult  to  explain  why  the  frequency 
of  the  S  =  0  valence  vibrations  of  the  ester  it-elf  (1128  cm’*),  though  considerably  higher  than  for  dimedonesulfonic 
acid  salts,  are  still  lower  than  for  the  ammonium  salt  of  tlie  methyl  ester  (1164  cm  *)  and  lie  below  the  limit 
reported  in  the  literature. 

Tlie  structure  of  compounds  (XI)  and  (XII)  were  confirmed  by  the  absorption  cliaracteristic  of  the  dimedone 
anion  which  was  observed  in  the  spectrum  of  the  ammonium  salt  of  the  methyl  ester,  namely,  one  intense  maxi¬ 
mum  at  1.333  and  a  second  small  maximum  at  1592.5  cm  *  (only  an  inflection  puint  appears  at  high  concentrations). 
For  comparison,  we  plotted  the  infrared  absorption  spectrum  of  the  sodium  salt  of  dimedone  (Fig.  7)  (XIII). 

The  frequency  of  1005  cm  '  in  the  spectrum  of  the  ammonium  salt  of  the  methyl  dimedone-2-sulfonate  and 
the  frequency  of  976-986  cm'*  in  the  spectrum  of  methyl  dimcdone-2-sulfonate  correspond  to  the  vibrations  of 
the  methoxyl  group. 


Fig.  7.  Infrared  spectrum  of  the  sodium  salt  of  dimedone. 

EX  PERIMENTA  L 

Nitration  of  sodium  dimedone- 2-sulfonate.  With  stirring,  2.6  ml  of  fuming  nitric  acid  was  added  to  4.82  g 
sodium  dimedonc-2-sulfoiiatc  and  25  ml  of.anhydrous  ether  in  a  three-necked  flask  with  a  stirrer,  thermometer, 
and  dropping  funnel.  The  solution  acquired  a  dark  red  color,  which  rapidly  changed  to  yellow.  After  the  mixture 
had  been  stirred  for  3  hr,  the  ether  was  removed  by  suction  and  a  few  drops  of  water  were  added  to  the  residue. 

The  2-nitrodimcdone  was  washed  on  the  filter  with  a  small  amount  of  water.  We  obtained  2.37  g  {62^o)  of  2-nitro- 
dimedone.  The  m.p.  was  102“  ( 102- 10v3'’  [1,  24]). 

Reaction  of  sodium  dimedone- 2-sulfonate  with  sulfuryl  chloride.  With  water  cooling,  2.42  g  of  well  ground 
sodium  dimedone-2-sulfonate  was  added  to  6  ml  of  sulfuryl  chloride.  The  homogeneous  solution  was  poured  onto 
ice.  The  product  was  recrystallized  from  ethanol.  We  obtained  1.7  g  {80°1«)  of  2,2-dichlorodimedone  crystals.  The 
m.p.  was  111“  (112“  [25]). 

Bromination  of  sodium  dimedone- 2-sulfonate.  After  20  min,  a  solution  of  2.42  g  of  sodium  dimedone-2- 
sulfonate  and  1.6  g  of  bromine  in  30  ml  of  glacial  acetic  acid  deposited  1.1  g  (50*70)  of  2-bromodimcdone  crystals. 
The  product  was  recrystallizcd  from  benzene.  Tlie  m.p.  was  174-175“  (175*  [25]).  The  product  did  not  depress  the 
melting  point  of  2-bromodimedone  obtained  by  direct  bromination  of  dimedone.  .2-Bromodimedone  was  also  ob¬ 
tained  by  the  addition  of  bromine  water  to  an  aqueous  solution  of  sodium  dimedone-2-sulfonate  until  it  was  com¬ 
pletely  dccclorized.  Bromination  with  a  molar  ratio  of  dimedone  to  bromine  of  1:3  for  2  hr  yielded  2,2-dibromo- 
dimedone  (79*7«’).  After  recrystallization  from  carbon  tetrachloride,  the  product  had  m.p.  143-144“  (144*  [25]). 

The  product  did  not  depress  the  melting  point  of  2,2-dibromodimedone  obtained  by  the  method  in  [25]. 

Reaction  of  sodium  dimcdone-2-sulfonate  with  dioxane  complex  of  iodine  chloride  [2].  A  few  minutes 
after  2.05  g  of  the  dioxane  complex  of  iodine  chloride  had  been  added  to  a  solution  of  2.42  g  of  sodium  dimedone- 
2-sulfonate  in  20  ml  of  glacial  acetic  acid,  a  homogeneous,  red -brown  solution  was  formed.  Dilution  with  water 
yielded  2.9  g  (74*70)  of  2,2-diiododimedone.  Recrystallization  from  alcohol  gave  yellow,  lustrous  plates.  Tlie  m.p. 
was  139-140°.  2,2-Diiododimedone  is  soluble  in  glacial  acetic  acia  and  ether,  sparingly  soluble  in  ethanol,  and 
insoluble  in  water.  It  decomposed  rapidly  in  light  with  liberation  of  iodine.  The  same  compound  was  obtained  by 
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the  reaction  of  the  dioxane  complex  of  iodine  chloride  with  dimedonc  itr.elf.  A  iTiixcd  melting'  point  of  the  ?,2- 
diiododimedone  samples  obtained  by  these  two  methods  was  not  depressed. 

Found  “v-’:  I  64.07;  64.84.  C8HJ0O2I2.  Calculated  i  64.74. 

Reaction  of  sodium  dimedone-2-5ulfonatc  with  diazotized  aniline.  To  a  diazotized  solution  of  aniline 
(O.On  g  of  aniline  in  7,5  ml  of  107(’  hydrochloric  acid  and  0.93  g  of  sodium  nitrite  in  6  ml  of  water)  at  pH  4-5 
was  added  a  solution  of  2.42  g  of  sodium  dimedone-2-sulfonate  in  25  ml  of  glacial  acetic  acid.  After  2  hr,  the 
precipitate  of  2-phenylhydrazonodimedonc  was  collected  and  recrystallized  from  alcohol.  Vv'e  obtained  1.6  g 
(65'7‘)  of  orange  crystals  of  2-phenylhydrazonodimedone.  The  m.p.  was  142*  (142*  [26]).  The  same  product  was 
obtained  by  coupling  in  neutral  and  alkaline  media.  Coupling  sodium  dimedone- 2- sulfonate  with  diazotized  p- 
nitroaniline  yielded  2-(p-nitrophcnylhydrazono)-dimedone  (o4'7(').  The  m.p,  was  215“  (215-217*  [27]). 

Iminc  of  ammonium  dimcdQne-2-sulfonate  (V).  A  mixture  of  8  g  of  ammonium  acetate,  9  ml  of  glacial 
acetic  acid,  and  2.42  g  of  sodium  dimedone-2-sulfonate  was  heated  for  1  hr.  The  homogeneous  solution  crystal¬ 
lized  on  cooling.  Tire  crystals  were  washed  .several  times  with  cold  60?o  alcohol  to  yield  1.2  g  (Sl^'’)  of  the  iminc 
of  ammonium  dimcdone-2-sulfonate.  The  w'hitc  crystals  obtai.ned  by  rccrystallization  from  dilute  ctlianol  were 
soluble  in  water  and  glacial  acetic  acid,  sparingly  soluble  in  ethanol,  and  insoluble  in  ether.  Tlie  m.p.  was  332- 
335*  (decomp.). 

Found'?'’:  N  11.93.  C8H,c04N2S.  Calculated'’,’:  N  11.85. 

Bromination  of  the  intiiic  of  ammonium  dimcdonc-2-sulfonatc.  To  a  solution  of  1.18  g  of  the  iinine  of 
ammonium  dimedonc-2-sulfonate  in  5  ml  of  50'7o  ethanol  was  slowly  added  bromine  water  until  it  was  complete¬ 
ly  decolorized.  Tlic  0.9  g(6l7‘’)  of  2,2-dibromodimedone,  which  precipitated,  was  recrystallized  frotn  carbon 
tetrachloride.  Tlie  m.p.  was  143"  (144*  [25]). 

Phcnyliminc_of  aniline  dimedone- 2-sulfonate  (VIII).  The  reaction  was  carried  out  analogously  to  the  prepara¬ 
tion  of  substance  (V),  but  3  ml  of  aniline  was  used  instead  of  ammonium  acetate.  We  obtained  3  g  (77,5'?'^)  of 
the  phenyliminc  of  aniline  dimcdone-2-sulfonato.  The  product  was r,_crystallized  from  ethanol.  Tlie  white,  finely 
crystalline  substance  was  soluble  in  ethanol  and  glacial  acetic  acid  and  almost  insoluble  in  cold  water,  ether  and 
nonpolar  solvents.  Tlie  m.p.  was  171*. 

Found  N  6.79.  7.71.  C20H22O4N2S.  Calculated '7o:  n  7,21. 

Anilide  of  dimedone- 2-sulfonic  acid  (X).  A  mixture  of  2.2  g  of  dimedonc-2-sulfonic  acid  and  4.5  ml  of 
thionyl  chloride  was  heated  in  a  flask  with  a  reflux  condenser  on  a  water  bath  at  65-75*  for  4  hr.  The  excess  thio- 
nyl  chloride  was  removed  in  a  water  pump  vacuum.  Tlie  residual  oily  substance  was  dissolved  in  20  ml  of  anhy¬ 
drous  ether  and  2  ml  of  aniline  in  10  ml  of  anhydrous  ether  added.  There  was  a  vigorous  reaction  and  a  white 
substance  precipitated.  The  mixture  was  treated  with  10  ml  of  ethanol  in  the  cold  and  the  solution  filtered.  Re- 
m.oval  of  the  ethanol  and  recrystallization  of  the  residue  from  ethanol  yielded  ').46  g  (16'V'’)  of  the  anilide  of  dime- 
donesulfonic  aeid.  The  protluct  was  soluble  in  alcohol  and  water  and  insoluble  in  benzene,  ether,  and  chloroform. 
The  m.p.  was  188*. 

Found  ‘7'’;  N  4.94.  C,4H,704NS.  Calculated  *70;  N  4.75. 

The  ethanol- insoluble  residue  was  aniline  dimedonesulfonate.  It  had  m.p.  199".  It  did  not  depress  tlie  melt¬ 
ing  point  of  aniline  dimedone-2-sulfonate  obtained  from  the  acid  and  aniline.  The  anilide  of  dimedone-2-sulfonic 
acid  was  also  obtained  in  small  amounts  (207o)  by  treatment  of  sodium  dimedone-2-sulfonate  with  phosphorus 
pentachloride  and  subsequent  treatment  with  aniline. 

Methyl  dimedone-2-sulfonate  (’<T).  A  solution  of  diazomethane  (obtained  from  8  g  of  N  nitrosometliylurea) 
was  added  from  a  dropping  funnel  with  vigorous  stirring  and  cooling  to  a  suspension  of  3.3  g  of  dimedone -2-sulfonic 
acid  in  30  ml  of  ether  until  the  ether  in  the  flask  had  a  yellow  color  from  excess  diazomethanc  and  evolution  of 
nitrogen  ceased.  Tlie  precipitate  formed  was  rccrystallizcd  from  ligroin  to  give  3.1  g(88.57o)  of  methyl  dime¬ 
donc- 2-sulfonate.  Tlie  product  was  readily  soluble  in  water,  ethanol,  benzene,  and  chloroform  and  insoluble  in 
ether.  It  had  m.p.  69-70". 

Found '7'’:  S  13.71.  C9H14O5S.  Calculated ‘7^:  S  13.65. 

Ammonium  salt  of  methyl  dimedone -2- sulfonate  (XII).  Tliis  product  was  obtained  in  95'?'’  yield  by  intro¬ 
duction  of  dry  ammonia  into  a  solution  of  1.17  g  of  methyl  dimedone- 2-suifonatc  in  8  ml  of  anhydrous  ethanol. 


Recrystallization  from  metlianol  yielded  a  white,  crystalline  substance.  It  was  soluble  in  water,  sparingly  soluble 
in  ethanol,  and  insoluble  in  ether  and  benzene.  The  m.p.  was  173-174®. 

Found  N  5.33.  CoHjtOsSN.  Calculated  N  5.58. 

SUMMARY 

1.  Sodium  diinedoue-2-sulfonate  reacts  v/ith  electrophilic  reagents  (nitric  acid,  bromine,  sulfuryl  chloride, 
iodine  chloride,  and  aryl  diazo  compounds)  with  the  lo?s  of  the  sulfonic  acid  group  and  forms  the  corresponding 
derivatives  of  dimedone. 

2.  The  reaction  of  sodium  dimedone -2-sulfonate  in  glacial  acetic  acid  with  ammonium  acetate  yielded 
the  imine  of  ammonium  dimedone-2-sulfonate  and  the  reaction  with  aniline  gave  the  phenylimine  of  aniline 
dimcdone-2-sulfonate.  The  structure  of  tliese  compounds  was  confirmed  by  infrared  spectra. 

Dimcdonesulfonyl  chloride  was  not  isolated  in  a  pure  form,  but  its  existence  was  demonstrated  by  pre¬ 
paration  of  the  anilide. 

4.  Tlie  action  of  diazomethane  on  dimedone-2-sulfonic  acid  yielded  the  methyl  ester,  which  reacted  with 
ammonia  to  give  the  ammonium  salt  of  the  enol  form.  The  infrared  absorption  spectra  of  these  compounds  were 
plotted. 
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Much  attention  has  been  paid  to  the  reactions  of  free  alkyl  radicals  and  they  have  been  studied  quite  well. 
The  reactions  of  simple  oxygen-containing  radicals  of  the  type  RO'have  been  described  comparatively  little  in 
the  literature  and  most  of  the  investigations  have  been  concerned  with  their  behavior  in  the  gas  phase.  A  con¬ 
venient  subject  for  the  study  of  such  radicals  in  solution  is  the  decomposition  of  percarbonates,  which  proceeds 
according  to  the  scheme: 


/O  ()  () 

iioc:--0—o— n  2noi;._o.  (i) 

ROC-O  .  — »  no  .  !-  CO,  (2) 


Diethyl  peroxydicarbonate  was  first  synthesized  by  VVieland  [1]  by  the  reaction: 


I’N.nCl, 

Strein  et  al.  [2]  synthesized  a  large  group  of  percarbonates  by  an  analogous  method  and  studied  the  thermal 
decomposition  of  pure  diethyl  and  diisopropyl  peroxydicarbonates  in  the  absence  of  solvent  by  passing  them  through 
a  tube  heated  with  steam.  The  decomposition  of  diisopropyl  percarbonate  yielded  (in  moles  per  mole  of  peroxide): 
isopropanol  n.Oi,  acetone  0.12,  CO2  1.61,  acetaldehyde  0.45,  and  ethane  0.11.  Equations  ( 1 -3)  were  put  forward 
as  the  decomposition  scheme. 


('..ll-DC 


\ 


Cl 


Na.Oo 


((;ii3),(:n<)  •  -f  [(Cii3)2i-ibic^oJ,  -*  (ciiaj.ciioii -f  ^3^ 

-f  (CiyaUO  1-  2CO2  -U  (0113)20110  . 

It  is  evident  that  radicals  formed  during  the  thermal  decomposition  of  the  peroxide  attack  molecules  of 
undecomposed  peroxide.  The  products  of  this  reaction  are  isopropanol,  acetone,  and  carbon  dioxide.  The  radicals 
(CH3)2CH0  may  also  decompose  to  give  methyl  radicals,  which  then  dimerize  to  ethane,  and  acetaldehyde.  Tire 
decomposition  kinetics,  which  were  studied  in  dilute  solutions  in  toluene  and  2,2-oxodiethylenebisallyl  carbonate, 
showed  that  the  rate  constant  of  the  decomposition  corresponds  to  an  equation  of  the  first  order  (relative  to  the 
peroxide  concentration)  and  the  over-all  activation  energy  of  the  process  equals  30.0  kcal/mole  for  diethyl  per¬ 
oxydicarbonate  and  28.1  kcal/mole  for  diisopropyl  peroxydicarbonate.  Strcin  also  showed  percarbonates  may  be 
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Fig.  ].  Decomposition  of  dibenzyl  peroxydi- 
carbon.ite  in  benzene.  Lines  1,  2,  3,  and  4 
obtained  at  15,  50,  55  and  60°,  respectively; 
Co=  0.075  mole/liter. 


Fig.  2.  Decomposition  of  dicyclohexyl 
pcroxydicarbonate  in  benzene.  Lines  1, 
2,  3,  and  4  were  obtained  at  45,  50,  55, 
and  60*,  respectively;  Co=  0.075  mole/ 
/liter. 


used  successfully  as  initiators  of  polymerization  reaction 
\2,  3]. 

In  the  same  year,  Cohen  and  Sparrou  [4]  published  the 
results  of  an  investigation  of  the  thermal  decomposition  of 
diisopropyl  percarbonate  in  ethylbenzene.  They  isolated 
carbon  dioxide  ( 1.76  mole  per  mole  of  peroxide),  2,3-di- 
phenylbutanc  (the  dimerization  product  of  radicals  from 
the  solvent),  and  isopropanol  in  a  yield  of  only  1.18  mole 
per  mole  of  peroxide.  Acetone  was  not  isolated.  The  amount 
of  isopropanol,  which  was  less  than  the  amount  required  by 
theory,  (2  mole  per  mole  of  peroxide)  and  the  absence  of 
acetone  from  the  reaction  products  hampered  the  interpreta¬ 
tion  of  the  mechanism.  It  seemed  interesting  to  us  to  make 
a  more  thorough  investigation  of  problems  associated  with 
the  behavior  of  percarbonates  in  different  solvents. 

In  the  present  work,  we  report  the  results  of  a  study 
of  the  thermal  decomposition  of  dibenzyl  and  dicyclohexyl 
peroxydicarbonates  in  benzene  and  isopropanol.  It  was  found 
that  the  kinetics  of  the  decomposition  of  dlbenzyl  and  dl- 
cyclohexyl  percarbonates  in  benzene  at  45,  50,  55,  and  60* 
(±0.05’)  and  a  peroxide  concentration  of  0.075  mole/liter 
corresponded  to  the  equation  of  a  first  order  reaction  with 
respect  to  peroxide. 

The  numerical  values  of  the  rate  constant  for  each 
individual  case  were  determined  from  the  slope  of  the  line 
drawn  tlirough  the  experimental  points  which  were  plotted 
in  the  coordinates  of  log  c^/c  against  ^(Figs.  1  and  2) 
where  Cq  is  the  initial  peroxide  concentration  and  c  its  con¬ 
centration  at  time  The  experimental  points  lay  close  to 
the  line,  which  gives  grounds  for  considering  that  the  reac¬ 
tion  was  first  order  with  respect  to  peroxide  in  both  cases. 


Fig.  3.  Temperature  dependence 
of  decomposition  rate  of  percarbon¬ 
ates.  Lines  1  and  2  are  for  dibenzyl 
pcroxydicarbonate  and  dlcyclohexyl 
pcroxydicarbonate  in  benzene;  line 
3  is  for  dibenzyl  pcroxydicarbonate 
in  benzyl  alcohol. 


Fig.  4.  Decomposition  of  dlbenzyl 
pcroxydicarbonate  in  benzyl  alcohol. 
Lines  1,  2,  3,  4,  5,  and*  6  were  obtained 
at  35,  40,  45,  50,  55,  and  60*,  respect¬ 
ively;  Co  =  0.073  mole/liter. 
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i 
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- 

- 
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40 

- 

- 

- 
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45 
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1.1 
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15.57 

50 

8.46 

3.19 

3.0 

22.36 

55 

16.28 

8.3 

7.5 

47.9 

60 

34.8 

17.97 

13.25 

80.9  . 

(kcal  ) 
h 

(mole) 

29.7 

31.8 

32.1 

26.8 

We  calculated  the  apparent  activation  energy  of  the  decomposition  of  peroxides  in  benzene  from  the  slope  of 
lines  in  the  coordinates  of  log  k  against  l/T  (Fig.  3,  lines  1  and  2).  The  numerical  values  of  the  rate  constants 
of  percarbonate  decomposition  and  the  apparent  activation  energies  are  given  in  the  table. 

It  would  have  been  interesting  to  study  the  kinetics  of  percarbonate  decomposition  in  isopropanol,  but  tliis 
was  impossible  due  to  the  extremely  low  solabilitv  of  peroxides  in  tb.e  alcohol.  We  obtained  data  on  the  kinetics 
of  decomposition  of  dibenzyl  percarbonate  ii.  alcohol.  Tic  pore  .iclc  dccompcsed  rapidly  in  :t  at  low  temper¬ 

ature?.  As  Fig.  4  shows,  the  experimental  points  lay  well  on  a  line  and  the  rate  consiants,  calculated  from  the 
slopes  of  the  line,  were  almost  a  whole  order  higher  tliJii  the  rate  couitaius  for  the  decomposition  of  percarbonates 
in  benzene  at  the  same  temperatures  (Table  1).  The  apparent  activation  energy  calculated  for  this  case  (Fig.  3, 
line  3)  equalled  26. S  kcal/mole,  i.e.,  5  kcal/mole  lower  than  the  activation  energy  for  decomposition  in  benz¬ 
ene.  1  his  indicates  that  in  the  decomposition  of  peroxides  in  alcohols,  the  solvent  plays  an  active  part  in  the 
reaction.  Secondary  radicals  formed  from  solvent  molecules  on  their  dehydrogenation  by  peroxide  radicals  initi¬ 
ate  the  decomposition  of  peroxide  and  due  to  this,  the  over-all  rate  of  decomposition  is  increased.  These  kinetic 
data  are  well  confirmed  by  investigations  of  the  decomposition  products  of  peroxides  in  benzene  and  isopropanol. 
The  following  products  were  isolated  from,  decomposition  in  isopropanol  (in  moles  per  mole  of  peroxide):  carbon 
dioxide  1.9,  cyclohexyl  or  benzyl  alcohol  1.6B5-1.74,  acetone  0.9,  and  an  unidentified  product  (A)  which  appear¬ 
ed  as  a  viscous  yellovs’  oil.  5*70  of  the  weight  of  peroxide  taken.  Thermal  decomposition  of  percarbonates  in  benz¬ 
ene  yielded  the  following  (in  moles  per  mole  of  peroxide  taken):  COn  1.3,  corresponding  alcohol  0.98,  cyclohex¬ 
anone  or  benzaldehyde  0.22-0.25,  and  product  (.4)  227u  of  the  weight  of  peroxide  taken.  Biphenyl,  which  could 
have  been  formed  due  to  dimerization  of  phenyl  radicals  formed  by  abstraction  of  hydrogen  from  benzene  mol¬ 
ecules,  was  not  found.  The  fact  that  less  than  the  expected  amount  of  carbonyl  compound  (benzaldehyde  or  cy¬ 
clohexanone)  was  obtained  (0.22-0.25  mole  'mole  of  peroxide  instead  of  1  mole  'mole  peroxide)compeis  us  to  as¬ 
sume  that  under  the  action  of  the  unconsumed  peroxide,  this  compound  underwent  condensation  processes  anal¬ 
ogous  to  the  reactions  described  in  the  literature  for  benzaldehyde  and  this  gave  a  considerable  yield  of  diphenyl- 
ethylene  glycol  dibenzoate  [8,  9J.  To  check  this  hypothesis,  we  carried  out  an  experiment  with  a  definite  amount 
of  cyclohexanone  added  to  the  reaction  mixture  before  the  beginning  of  decomposition.  At  the  end  of  the  reac¬ 
tion,  30*70  of  the  cyclohexanone  taken  was  found.  A  product  was  isolated  in  the  form  of  a  viscous  yellow  oil. 
Elementary  analysis  data  and  the  hydrolysis  number  of  the  product  obtained  during  decomposition  of  dibenzyl 
percarbonate  were  close  to  the  values  calculated  for  diphenylethylene  glycol  dibenzoate  (see  Experimental).  In 
addition,  the  weight  of  oil  isolated  corresponded  well  to  the  unaccounted  amount  of  carbonyl  compound.  This 
product  was  not  studied  in  detail. 

Tlius,  the  first  act  in  the  decomposition  of  percarbonates  in  solvents  is  cleavage  of  the  peroxide  molecule 
at  tlie  O  -  O  bond  with  subsequent  liberation  of  carbon  dioxide  and  the  formation  of  RO-  radicals  (equations  1  and 
2).  It  might  have  been  expected  that  the  RO-  radicals  formed  would  liave  reacted  in  the  tliree  following  directions; 


Cc.ll.-CIloO  •  — *  •  i..  Cii.qi, 

Cijll-yllla)  -;-lli\  —  (:,;ii-y;ii.a)!l  -i_  \\ 

.0 

Coii-.nioO  .  ^  cji.t'-ii-''*  •  — *  -  i;,;ii-,oiioii  • 

^11 


(4) 

(5) 

(6) 


In  our  experiments,  we  did  not  detect  tlie  direct  decomposition  (4),  though  it  is  known  for  many  other  RO* 
radicals  [2,  6,  7,8].  Tlie  data  obtained  indicate  tiiat  under  tiie  conditions  of  our  experiments  (concentrations 
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0.145  -0.285  M,  50-60°),  cyclohexyloxy  and  benzyloxy  free  radicals  react  only  according  to  schemes  (5)  and 
(6).  Had  tlic  pcrcarbonates  reacted  solely  with  abstraction  of  hydrogen  from  the  solvent  during  decomposition  in 
isopropanol,  we  should  have  obtained  2  moles  of  alcohol  ROH  per  mole  of  peroxide  decomposed  according  to 
equation  (V).  Tlic  cyclohexanone  (or  bcnzaldehyJc)  (0.03  mole  per  mole  of  peroxide)  and  product  (A)  of  the 
peroxide  weight)  found  in  the  reaction  products  indicate  tliat  in  addition  to  the  main  process  of  solvent  dehydro¬ 
genation,  there  was  also  disproportionation  of  (\T)  or  (ITT).  The  absence  of  products  from  reaction  with  the  solvent 
during  the  decomposition  of  pcrcarbonates  in  benzene  and  also  the  fact  that  studying  the  kinetics  of  percarbonate 
decomposition  in  such  an  inert  sohent  as  dibutyl  phthalate  gave  values  fer  the  rate  constants  and  apparent  acti¬ 
vation  energy  which  coincided  with  the  values  for  decomposition  in  benzene  (table)  indicate  that  the  reaction  of 
radicals  generated  from  the  peroxide  probably  proceeds  in  a  "cage"  of  solvent.  This  may  explain  the  fact  that 
RO*  radicals  have  a  considerably  lower  activity  than  alkyl  free  radicals  in  the  abstraction  of  hydrogen  from  a 
solvent,  as  was  also  reported  by  McBay  [5]. 

Thus,  the  tlicrmal  decomposition  of  pcrcarbonates  in  solution  liberates  carbon  dioxide  and  forms  radicals 
of  the  type  RO-,  which  undergo  conversion  in  two  ways,  depending  on  the  solvent:  either  dehydrogenate  the  sol¬ 
vent,  as  was  demonstrated  for  decomposition  in  isopropanol,  or  disproportionate,  as  was  demonstrated  for  decom¬ 
position  in  benzene. 

EXPERIMENTAL 

The  solvents  were  absolutely  dry  and  pure  in  all  experiments.  The  isopropanol,  which  was  dried  by  the  pro¬ 
cedure  in  [10]  and  distilled,  had  b.p.  82.2°,  n^^  1.3775.  However,  it  was  found  that  It  contained  a  certain  amount 
of  acetone.  The  latter  was  determined  quantitatively  and  allowed  for  in  calculating  the  acetone  in  each  experi¬ 
ment.  Cryoscopic  grade  benzene  was  distilled  over  metallic  sodium;  b.  p.  80.1,  n^  1.500. 

rhbcn^^'l  jmd  dicyclohexyl  pcroxydicarbonatcs  were  synthesized  by  the  procedure  in  [2],  purified  by  repreci¬ 
pitation  from  af'ctone  with  water,  and  dried  in  vacuum  at  room  temperature.  In  contrast  to  low-molecular  per- 
carbonates,  dibenzyl  and  dicyclohexyl  pcroxydicarbonatcs  were  quite  stable  and  could  be  stored  in  a  refrigerator 
(+  5°)  for  several  months  without  decomposition.  A  product  containing  a  100*70  peroxide  was  used  for  the  reaction. 

The  decomposition  was  carried  out  in  a  round -bottomed  flask  with  a  reflux  bulb  condenser  attached  with  a 
ground  joint.  For  trapping  the  carbon  dioxide,  a  system  of  potash  bulbs  with  30*7o  KOH  solution  was  connected  to 
the  top  of  the  condenser.  The  decomposition  was  carried  out  at  60-70“  in  a  stream  of  dry  nitrogen  for  50  hr  (the 
time  was  established  empirically  from  a  negative  reaction  for  peroxide). 

Thermal  Decomposition  of  Peroxydicarbonates  in  Isopropanol* 

The  decomposition  of  dicyclohexyl  peroxydlcarbonate  was  carried  out  in  solution  with  peroxide  concentra¬ 
tions  of  0.145  and  0.275  M.  At  the  end  of  the  reaction,  the  amount  of  carbon  dioxide  liberated  was  determined 
from  the  increase  in  weight  of  the  poLash  bulbs.  It  was  found,  however,  that  vapor  of  low -boiling  acetone  penetra¬ 
ted  into  the  potash  bulbs.  The  amount  of  it  was  determined  gravimetrically  with  2,4-dinitrophenylhydrazine  and  • 
allowed  for  in  the  calculation  of  acetone  and  COj  in  each  experiment  .  The  hydrazone  melted  at  126“,  and  a 
mixed  melting  point  with  the  2,4-dinitrophcnylhydrazone  of  pure  acetone  was  not  depressed.  The  solvent  was 
distilled  from  the  reaction  mixture  on  a  water  bath.  Acetone  was  identified  in  the  first  fraction  ( 57-82“)  from 
the  derivative  with  2,4-dinitrophenylhydrazine.  The  melting  point  of  the  derivative  was  126“  and  a  mixed  melt¬ 
ing  point  with  the  derivative  of  pure  acetone  was  not  depressed.  The  amount  of  acetone  was  determined  by  oxime 
formation  [11].  Tlie  residue  after  distillation  of  the  first  fraction  was  vacuum  distilled  until  all  the  isopropanol 
had  been  removed.  The  completeness  of  removal  of  isopropanol  was  checked  by  separation  of  the  residue  after 
distillation  on  a  chromatography  column.  Isopropanol  was  not  found. 

The  residue  after  distillation  of  isopropanol  was  found  to  contain  cyclohexanol,  cyclohexanone,  and  about 
5*7^  of  an  unidentified  product,  which  corresjxjnded  to  about  5*7<’  of  the  weight  of  peroxide  taken.  The  cyclohexanol 
was  identified  by  the  derivative  with  a-naphthyl  isocyanate.  The  m.p.  was  128“  and  a  mixed  melting  point  was 
not  depressed.  The  amount  of  cyclohexanol  was  determined  by  acetylation  [12].  Cyclohexanone  was  identified 
as  the  2,4-dinitrophenylhydrazone.  The  m.p.  was  162*  and  a  mixed  melting  point  was  not  depressed.  The  cyclo¬ 
hexanone  was  determined  quantitatively  by  the  bisulfite  method.  The  residue  after  removal  of  samples  for  cyclo¬ 
hexanol  and  cyclohexancne  was  weighed  and  dissolved  in  diethyl  ether  to  decrease  the  loss  during  subsequent 
treatment.  The  ether  solution  was  repeatedly  washed  with  water  to  remove  cyclohexanol  and  then  the  cyclohex- 

•  M.  E.  Pudeeva  helped  with  the  work. 
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anone  precipitated  with  sodium  bisulfite.  The  derivative  was  collected  on  a  Schott  filter  and  washed  with  etiicr. 

The  filtrate  was  washed  with  water  and  dried  over  baked  Na2S04  and  then  the  ether  removed  by  distillation.  A 
viscous  yellow  oil  was  isolated. 

Decomposition  of  dibenzyl  peroxydicarbonatc.  It  was  found  that  dibenzyl  percarbonate  is  very  sparingly 
soluble  in  isopropanol  (0.004  mole/litcr);  in  an  experiment  with  this  peroxide  concentration,  it  was  possible  to 
isolate  only  acetone  as  its  2.4-dinitrophenylhydrazonc.  Tlie  m.p,  was  126*  and  a  mixed  melting  point  was  not 
depressed.  The  acetone  was  determined  quantitatively  by  oxime  formation  [11].  An  experiment  was  carried  out 
with  a  peroxide  concentration  of  0.262  M.  In  this  case,  the  undissolved  peroxide  lay  on  the  bottom  of  the  flask 
as  a  heavy,  finely  crystalline  precipitate.  The  decomposition  was  carried  out  by  the  procedure  described  above. 

The  following  reaction  products  were  found:  1)  acetone;  the  2,4-dinitrophenylhydrazone  had  m.p.  126*  and  a 
mixed  melting  point  was  not  depressed;  2)  benzyl  alcohol  was  determined  by  acetylation  [12];  the  «- naphthyl- 
carbamate  had  m.p.  I'M*  and  a  mixed  melting  point  was  not  depressed;  3)  benzaldehyde  identified  as  the  2,4- 
dinitrophcnylhydrazone  (m.p.  237°)  and  a  mixed  melting  point  was  not  depressed.  The  amount  was  determined 
by  the  bisulfite  method  [13].  The  condensation  product  of  benzaldehyde,  which  formed  a  viscous  yellow  oil.  was 
isolated  from  the  distillate  after  steam  distillation  of  the  reaction  mixture.  The  elementary  analysis  data  given 
below  and  the  hydrolysis  number  of  this  product  agree  with  values  calculated  for  diphcnylethylene  glycol  dibenzoate. 

Found‘d':  C  78.0;  H  6.2.  Hydrolysis  number:  186.  C2SH22O4.  Calculated  “Vf:  C  79,6;  H  5.2.  Hydrolysis  number: 

186. 


Tiicnnal  decompositiuii  of  pcrcarboiiatcs  in  benzene.  Tlie  decomposition  of  dibeiuyl  and  dicyclohcxyl 
pcrcarbonatcs  in  benzene  was  carried  out  withconcentrationsof  0.25  M.  After  the  benzene  had  been  removed  by 
distillation  the  decomposition  products  were  analyzed  by  the  procedure  described  above. 

Kinetics  of  P  e  r  c  a  r  b  on  ate  Decomposition 

Ampoules  were  charged  with  10-12  ml  portions  of  peroxide  solution  (0.075  M).  The  ampoules  were  connec¬ 
ted  to  a  vacuum  system,  the  solution  frozen  with  a  mixture  of  carbon  dioxide  and  acetone,  and  the  ampoules 
pumped  out  to  high  vacuum.  The  tap  connecting  the  ampoules  to  the  system  was  then  closed  and  the  solution 
allowed  to  warm  up  to  room  tempcratiu’e.  The  ampoules  were  again  immersed  in  a  cooling  mixture  and  the  gas 
liberated  was  pumped  off.  Tliis  operation  was  carried  out  three  times  and  then  the  ampoules  were  sealed  off.  All 
possibilities  of  the  distillation  of  solvent  during  this  procedure  were  excluded.  The  ampoules  were  placed  in  a 
thermostat  and  kept  at  a  definite  temperature  for  the  required  time  and  then  they  were  removed,  cooled,  and 
opened.  The  contents  of  the  ampoules  were  analyzed  for  peroxide  content  iodometrically  [14]. 

SUMMARY 

1.  The  thermal  decomposition  of  dibenzyl  and  dicyclohexyl  peroxydicarbonates  in  benzene  and  isopropanol 
was  studied. 

2.  It  was  shown  that  radicals  of  the  type  RO*  are  formed  during  the  thermal  decomposition  of  percarbonate 
in  solution.  The  radicals  are  capable  of  abstracting  hydrogen  from  the  solvent  (decomposition  in  isopropanol)  or 
disproportionating  (decomposition  in  benzene). 

3.  The  fall  in  concentration  of  pcrcarbonatcs  during  their  decomposition  in  solvents  obeys  the  kinetic  law 
of  a  first  order  reaction  and  the  apparent  activation  energy  depends  on  the  nature  of  the  solvent. 
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Polyorganosiloxanes  with  polar  groups  in  the  organic  radicals  are  attracting  the  attention  of  investigators. 
In  the  present  work  we  synthesized  low-molecular  l,n-diethoxymethylchloromethylsiloxanes,  containing  chloro- 
methyl  groups  in  addition  to  the  terminal  ethoxyl  groups,  and  studied  the  reaction  of  chlorine  in  the  a-chloro- 
mcthyl  group  with  aniline.  The  diethoxymethylchloromethylsiloxanes  were  synthesized  by  two  methods:  1)  by 
hydrolysis  of  methylchloromethyldiethoxysilane  with  a  small  amount  of  water  according  to  the  reaction: 


cn.v 

■  /SifOCJlj), 
ClCll,'' 


/Oil 

CICH;,'  ^OC2ll.-, 


CICH2  CH2CI 

I  I 

CoII-^O-Si-O-Si-OColl-, 
I  I 

CH3  Cll.T 


2)  by  the  direct  action  of  99‘7''  alcohol  on  methylchloromethyldichlorosilane: 


CM3. 

>SiCl.,  4  Coll-, OH  -f-  IloO 
ciciio/  ■  ■  ’ 


C.U, 

>Si(OC2M5).,  + 
CICII-,/ 


CM2C1 

I 

ColIsOfSi— OInCoHj. 

■  '  I 

CM3 


These  reactions  yielded  l,n-diethoxymethylchloromethylsiloxanes  with  the  general  formula 
/CM2CI  \ 

CjUjO  (  Si— O  j  C0H5  with  a  degree  of  polymerization  n  =  2,  3,  or  4.  The  properties  of  the  substances 
\  CM.-,  /  n 

obtained  are  given  in  the  table. 


The  viscosities  of  the  compounds  obtained  were  determined  at  different  temperatures  (figure).  All  the  l,n- 
diethox)Tnethylchloromethylsiloxanes  studied  showed  a  linear  relation  between  the  logarithm  of  the  viscosity  and 
1/T°.  Calculation  of  the  activation  energy  of  viscous  flow  showed  that  it  equalled  2.G56(when  n  =  2)  and  3.613 
kcal/mole  (n=  4),  which  is  considerably  higher  than  the  activation  energy  of  the  series  (CH3)3SiO[Sl  (CH3)20]n» 
Si(CH3)3  with  the  same  degree  of  polymerization  [1].  Tliis  shows  that  the  chloromcthyl  group  and  the  terminal 
ethoxy  groups  increase  the  strength  of  the  intcrmolecular  reaction.  Togetlier  with  replacement  of  chlorine  by  the 
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phenylamino  groun,  the  reaction  of  aniline  with  ^i';'r!;lorc!neth”U''hcNy'!oii^ilj>;anc  resuUeJ  in  th.e  formation  of 
suhsLanccs  with  different  molecular  .veights  and  pheny'arnincn’.cthylmcrbyl.iicthoyysilanc  and  oher.yl- 

aminomethylmcthyl)  -l,'i-diethoxytrisilo>:ane  were  isolateo.  Tlicje  substances  could  only  have  been  formed  as 
a  result  of  rearrangement  involving  rupture  of  the  Si-O-Si  bond  and  transfer  of  the  ethoxyl  group  under  the  ac¬ 
tion  of  aniline.  The  over-all  equation  of  the  reaction  is  as  follows: 


CIloCl  (III., Cl 

I  I 

I ; ,  I!  -  OSi — 0  —  Si  —  OCol 
■  ■  I  I 

CH3  Cli3 


C110NHC0115 

I 

CJi^NIl.^  — *  C.ll-.O-Si-OCoIlj  ^ 
1 

CII3 


CoH-,0— Si 


CIIoMICoilr,  CII.,M1(;,.,H- 
I 

0 - Si— UC.II-. 


Cll. 


CM, 


CHeMlCeMs 

I 

C.>II.-0(Si-0)3Coll5. 

1 

CMa 


Analogously,  the  reaction  of  l,2,3-tri(chloromethylmeth\T)' 
1,3-diethoxytrisiloxane  with  aniline  yielded  phenylaminomethyl- 
methyldietho.vysilane  and  a  very  viscous  polymer,  which  could 
not  be  distilled  in  vacuum. 

t.il-.Cl 

I 

C,.H:,0(Si-0),C.d|.—  C^IIjNH...  — 

CM3 


CMoMK;,;!!- 

I 

CoM^O-Si— OC.M- 
I 

CM., 


CMoNMCoMs 

I 

C.,M50(Si-0)„C..M3 

I 

CM3 


Temperature  dependence  of  the 
logarithm  of  the  viscosity  for 


I M  -  n 


C1I.,CI 

I 

Si— n 

I 

Cll, 


Values  of  n:  1)  1,  2)  2,  3)  3, 
4)  4. 


EXPERIMENTAL 

Etherification  of  chloromethylmethyldichlorosilane.  Into  a 
reaction  flask  was  placed  355  g  of  chlorometliylmethyldichloro- 
silane,  220  g  of  ethanol  added  from  a  dropping  funnel  over  a 
period  of  40  min,  and  the  reaction  mixture  heated  at  75-80°  with 
stirring  for  10  hr.  Distillation  of  the  product  yielded  280  gfVO'vO 
of  chloromethylmethyldiethoxysilane  with  b.p  162-165°,  np^” 
1.4145,  04^  0.9'J8;  and  78  g  of  residue. 


Isolation  of  l,n-diethoxymethyIchloromethylsiloxanes.  The 
still  residues  from  several  experiments  were  combined  and  vacuum 
distilled.  From  400  g  of  still  residues  were  isolated  the  following  products:  1)  43.5  g  (lO.S^f)  of  chloromethyl- 
methyldiethoxysilane  with  b.p.  48-50°  (8  mm),  n^®  1.4150,  d4®  0.999. 

2)  160  g(40fo)  of  l,2-di(chloromethylmethylethoxy)  disiloxane  with  b.p.  106-109°  (8  mm);  after  redistilla¬ 
tion,  the  substance  had  b.  p.  108-109°  (8  mm),  np)^  1.4320,  d4*  1.097,  MR  68.79;  Calc.  69.47. 

Found ‘Tw  C  32.95,  33.11;  H  6.90.  7.07;  Cl  24.61,  24.^1;  Si  19.0.M  296.  CgHjoOsSizClz.  Calculated  C 
32.99;  H  6.87;  Cl  24.39;  Si  19.25.  M  291. 


3)  73  g(  18.3*70)  of  1,2,3  tri(chloromethylmethyl)- CS-diethoxytrisiloxane  with  b.p.  145-152°  (7  mm); 
after  redistillation,  the  substance  had  b.p.  100°  (2  mm),  n^^  1.4420,  d4^‘’  1.137,  MR  93.01;  Calc.  93.03. 

Found  *7c;  C  30.02,  30.21;  H  6.76.  6.86;  Cl  26.81.  26.85;  Si  20.95,  20.85.  CioH2504Si3Cl3.  Calculated  *70; 

C  30.02;  H  6.26;  Cl  26.66;  Si  21.00. 

4)  14  g(3.5*7o)  of  l,2,3.4-tetra(chloromethylmethyl)-l,4-diethoxytetrasiloxane  with  b.p.  181-184°  (7  mm); 
after  redistillation,  the  substance  had  b.p.  1 14-1 15°  (1  mm),  n^^^  1.4470,  64^  1.170,  MR  116.1;  Calc.  116.57, 
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Founder-.’:  C  28.76,  28. Sc;  H  5.85,  5.64;  Cl  27.70,  27.51;  Si  21.67,  21.70.  Ci2H3o05Si4Cl4.  Calculated  C 
28.34;  H  5.91;  Cl  27.41;  Si  22.0. 

Hvdrolvsis  of  chloromethvlmethyldiethoxysilanc.  1)  Into  a  flask  was  placed  44.5  g  of  chloromethylmethyl- 
diethoxysilanc  and  18.6  g  of  93>  alcohol  containing  1.3  g  of  water  added  over  a  period  of  1.5  hr  with  stirring  at 
60-80°.  The  reaction  mixture  was  stirred  2  hr,  the  alcohol  removed  by  distillation,  and  the  residue  vacuum  distil¬ 
led  to  yield  13.5  g  (30. 4^^^)  of  starting  chloromethyln)ethyldiethoxysilane  and  12.4  g(34.8‘^  of  bis(chloromethyl- 
methylethoxy)disiloxane  with  b.p.  106-108*  (8  mm),  n^^®  1.4330,  d4^  1.098,  MR  68.77. 

2)  Analogously,  the  hydrolysis  of  149  g  of  chloromethylmerhyldiethoxysiiane  with  36  g  of  75*70  alcohol  con¬ 
taining  9  g  of  water  yielded:  a)  4.5  g  of  starting  chloromethylmethyldictlioxysilane  with  b.p.  45-48°  (8  mm), 
np^®  1.4150,  d4^^'  0.998;  b;  17.7  g  of  l,2'Cii(chloromethylmethylethoxy)  disiloxane  with  b.p.  104-107*  (8  mm), 
np^°  1.4320,  d4^  1.096,  MR  68.81;  c)  18.8  g  of  l,2,3-tri(chloromethylmethyl)-l,3-diethoxytrisiloxane  with  b.p. 
107-110®  (2mm),  n^^  1.4430,  d4^'’  1.139,  MR  93.03;  and  d)  8.1  g  of  l,2,3,4-tetra(chloromethylmethyl)-diethoxy- 
tetrasiloxane  with  b.p.  136-  140°  (2  mm),  n^^  1.4490,  d4^®  1.180,  MR  115.5. 

Reaction  of  bis(chloromethylmethylethoxy)-disiloxane  with  aniline.  A  mixture  of  43.6  g  of  bisfchloromethyl- 
methylethoxyf-disiloxane  and  94  g  of  aniline  was  heated  at  110-120°  and  stirred  for  4  hr.  The  reaction  mixture 
was  left  to  cool  overnight.  On  the  following  day,  the  precipitate  was  collected  and  the  filtrate  distilled  to  yield: 

1)  9.4  g  of  phenylaminomethylm.ethyldiethoxysilane. 

B.  p.  120-125°  (7  mm),  n^”  1.4975,  84^  1.002,  MR  69.8;  Calc.  69.03. 

Found  *7'.-;  Si  11.74,  11.92,  M  230.  CizHziCjNSi.  Calculated  *70;  si  11.7.  M  239. 

2)  4.0  g  of  bis(phenylaminomethylmethyIethoxy)disiloxane: 

B.p.  215-225°  (0.5  mm),  n^^^  1.5198,  64^  1.009. 

Found  *70:  N  6.59,  6.78;  Si  14.8,  15.0;  OC2H5  22.17.  C2oH3202N2Si2.  Calculated  *7o:  N  6.93;  Si  13.86;  OC2H5 

22.24. 

3)  9.1  g  of  l,2,3-tri(phenylaminomethylrriethyl)-l,3-diethoxytrisiloxane: 

B.p.  270-280°  (0.5  mm),  n^^  1.539,  d4”  1.102,  MR  161.5;  Calc.  163.3. 

Found  *7o:  N  7.97,  7.77;  Si  16.38,  16.37;  OC^Hg  16.5.  C28H4304N3Si3.  Calculated  *7o:  N  7.  38;  Si  14.76; 

OC2H5  15.8. 

Reaction  of  1.2.3-tri(chloromethylmeth\T)- 1.3-diethoxytrisiloxane  with  aniline.  A  mixture  of  40  g  of 
l,2,3-tri(chlorcmethylmet’iyl)-l,3-diethoxytrisiloxane  and  87  g  of  aniline  was  heated  at  120-130°  and  stirred 
for  10  hr.  Tlie  aniline  hydrochloride  w'as  removed  and  the  filtrate  yielded  5  g  of  product  with  b.p.  70-80°  (1  mm); 
after  redistillation,  the  product  had  b.p.  135-140°  (8  mm),  1.4980,  d4*  1.006,  M  229,  and  was  phenylamino- 
methylmethyldieihoxysilane.  The  residue  was  a  clear,  very  viscous  resin. 

SUMMARY 

1.  New  compounds  of  the  general  formula  CjH  5O  (Si  — U)„  Call 5(/i  =  2,3,4)  were  synthesized  and  their 

physical  properties  described. 

2.  The  replacement  of  chlorine  in  the  a-chloromethyl  group  of  bis(chloromethylmethylethoxy)disiloxane 
and  l,2,3-tri(chloromethylmethyl)-l,3-diethoxytrisiloxane  by  aniline  was  studied  and  it  was  established  that  dur¬ 
ing  the  replacement  of  chlorine  by  a  phenylaminomethyl  group  there  is  a  rearrangement,  accompanied  by  cleav¬ 
age  of  the  Si— O  — Si  bonds  and  exchange  of  ethoxyl  groups. 
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The  literature  contains  very  few  data  on  the  reactions  of  organosilicon  amines  with  acids.  Speck  described 
polyamides  obtained  by  the  reaction  of  bis(p-aminomethylphenyl)dimcthylsilane  with  tlirce  silicoorganic  acids. 
He  reported  that  the  water  liberated  during  the  reaction  may  produce  some  cleavage  of  the  Si-C  bond.  We 
investigated  the  reaction  of  bis(phenylaminomethyl)-tetramethyldisiloxane  with  adipic,  phthalic,  succinic,  and 
fumaric  acids.  Our  experiments  showed  that  the  condensation  of  bis(phenylaminomethyl)  tetramethyldisiloxane 
with  adipic  acid  at  150®  both  at  atmospheric  pressure  and  in  vacuum  proceeds  very  slowly.  After  10  lir,  no  vol¬ 
atile  reaction  products  could  be  collected  apart  from  insignificant  drops  of  liquid,  which  condensed  on  the  walls 
of  the  condenser.  Further  experiments  on  the  condensation  of  bis(phenylaminomethyl)  tetramethyldisiloxane  with 
the  acids  given  above  were  carried  out  at  250  and  300®  in  a  stream  of  nitrogen.  When  bis(phcnylaminomethyl) 
tetramethyldisiloxane  was  heated  at  250°  witii  adipic  acid,  tlte  liberation  of  a  small  amount  of  water  was  observed 
and  then,  as  the  mixture  was  heated,  a  water  immiscible  product  collected  in  the  receiver.  This  product  distilled 
in  considerable  amounts.  Investigation  of  the  reaction  products  formed  showed  tliat  they  were  a  mixture  of  hexa- 
niethylcyclotrisiloxane,  octametliylcyclotetrasiloxane,  and  mcthylaniline.  All  these  products  were  identified. 

Very  little  water  was  liberated.  The  condensation  product  was  a  viscous  liquid,  containing  a  small  amount  of 
silicon  (3-5*70),  or  a  solid,  low-melting  resin,  which  did  not  contain  silicon  (if  the  reaction  was  continued  until 
the  distillation  of  volatile  products  ceased).  An  analogous  process  occurred  in  tlie  condensation  of  bis(phenyl- 
aminomcthyl)  tetramethyldisiloxane  with  other  acids,  such  as  tcrcphthalic.  succinic,  and  fumaric.  The  experi¬ 
mental  data  obtained  show  that  tlie  reaction  between  the  secondary  amine  bis (phenylaminomethyl)  tetramethyl¬ 
disiloxane  and  the  dibasic  organic  acids  is  complex  and  does  not  lead  to  organosilicon  polyamides,  but  involves 
the  development  of  a  reaction  with  subsequent  rupture  of  Si-C  and  Si-O-Si  bonds: 


UJI-  CII.T  CHt  CijII- 

I  '  I  ■  1  ■  1 

IlN(;il..Si  O  SiClIoMl  1-  ll()(;O(CHo)4t;0()H  - 

■l  I  ' 

Cllj  (’,113 

^'^^3  UcH- 

I  I  I  I 

- »  iiN(;ii.,Si  0  Si(;ii..N(;i)((;H.,), cooil 

I  I 

CII3  Cll;, 


The  water  liberated  during  the  reaction  reacts  at  high  temperature  with  the  reaction  products  or  bis(phenyl 
aminomethyl) tetramethyldisiloxane  and  this  leads  to  ruptiure  of  the  Si-C  bond  (see  scheme  below). 

Together  with  octamethylcyclotetrasiloxane,  hexametliylcyclotrisiloxane  was  formed  and  its  formation 
involved  rupture  of  the  Si— O-Si  bond.  The  undistillable  reaction  products  were  difficultly  separable  mixtures, 
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which  were  viscous  or  solid  at  room  temperature.  They  were  probably  products  from  the  reaction  of  methylanillne 
and  the  acids. 


CHa  Clla  CII3  dig 

^  I  !  H,()  I  I 

IIXCII  ,Si  0  SidloMI - >  ILNCHoSi  O  SiOll  (-  HCIIt 

1  '1  1  '!  I  ‘I  I  •  j 

CJI.-  Cllg  dig  (:,.!lg  U  .  I  I  g  d  1  g 

Cllg  dl., 

I  ■  i  ■ 

O  SiOll  (((;il3).>SiO|< -f  LMI2O 

I  i 

Cllg  Cllg 

EXPERIMENTAL 

Preparation  of  bis(phcnylaminomcthyl)  tetramcthyldisiloxane.  Into  a  reaction  flask  was  placed  390  g  of 
aniline,  93  g  of  chloromethyldimcthylchlorosilane  added  with  stirring  over  a  period  of  40  min,  and  the  mixture 
heated  at  130-140°  for  3  lir  and  left  to  cool  overnight.  On  the  following  day,  200  ml  of  wrtcr  and  100  g  of 
aqueous  sodium  hydroxide  solution  were  added,  the  mixture  was  stirred  for  2  hr  at  50",  and  the  upper  layer  sep- 
aratcxl  and  distilled  to  yield  305  g  of  aniline  and  86  g(75®/p)  of  bis(phenylaminomethyl)  tetramethyldisiloxane 
with  b.p.  235-245“  (13  mm).  After  redistillation,  the  product  had: 

B.p.  243-246“  (14  mm),  1.5400,  d4^'’  1.0275,  MR  104.9;  Calc.  104.7. 

Found N  8.16,  8.34;  Si  16.02,  15.98.  CigMzgONzSiz.  Calculated ‘yc';  N  8.14;  Si  16.28. 

Condensation  of  bis(phcnylaniinomethyl)  tetramcthyldisiloxane  with  adipic  acid.  Into  a  reaction  flask  were 
placed  13,  g  of  bis( phcnylaminomctliyl)  tetramcthyldisiloxane  and  5.5  g  of  adipic  acid  and  the  mixture  stirred 
and  heated  at  250“  in  a  nitrogen  atmosphere  for  5  hr.  Tlicre  distilled  6.2  g  of  substance  (nj)**  1.4258),  containing 
a  drop  of  water;  the  residue  in  the  flask  consisted  of  a  dark,  viscous  polymer,  containing  of  silicon.  The  reac¬ 

tion  products  liberated  were  dissolved  in  ether,  washed  tliree  times  with  1  N  HCl  and  water,  dried  over  CaClj,  and 
distilled  to  yield  the  following  fractions:  1st  b.p.  130—135*,  1.0  g;  2nd  b.p.  135—170“,  1.0  g;  3rd  b.p.  170  —  175*, 

l. 2  g;  residue  0.2  g.  The  first  fraction  was  hexamethylcyclotrisiloxane.  The  crystals  had  m.p.  54-57*. 

Found ‘l/o:  c  32.26,  32.35;  H  8.11,  8.09;  Si  37.03,  37.06.  M  196.  CcHjjOaSia.  Calculated ‘7o:  C  32.43;  H  8.11; 
Si  37.83.  M220. 

Tlie  third  fraction  was  octamethylcyclotetrasiloxanc  with  n^^  1.3940,  d4^  0.9550. 

Found ‘Vo;  Si  37.36,  37.20.  M  289.  CgH2404Si4.  Calculated  *70:  Si  37.83,  M  296. 

The  wash  waters  were  combined  and  evaporated  to  yield  1.2  g  of  a  white  crystalline  substance,  which  was 
mcthylaniline  hydrochloride  w’ith  m.p.  121-123*. 

Found ‘Vo;  Cl  24.8;  Si  none.  CtHjoNCI.  Calculated ‘V®:  Cl  24.6. 

A  mixture  with  authentic  mcthylaniline  hydrochloride  had  m.p.  122—124*. 

Analogously,  when  a  mixture  of  26.1  g  of  bis(phenylaminomcthyl)  tetramethyldisiloxane  and  11.1  g  of 
adipic  acid  was  heated  at  250-300“  for  10  hr,  there  distilled  18.5  g  of  product,  which  consisted  of  hexamethyl¬ 
cyclotrisiloxane,  ocLimethylcyclotetrasiloxane,  and  methylamine;  the  distillation  residue  was  a  fusible,  brittle 
resin,  which  did  not  contain  silicon  and  was  insoluble  in  alcohol  and  toluene. 

Condensation  of  his (phenylaminomcthyl)  tetramcthyldisiloxane  with  terephthalic  acid.  A  mixture  of  13  g 
of  bis(phcnylam.inomethyl)  tetrametiiyldisiloxane  and  6.6  g  of  tercphtlialic  acid  in  a  flask  was  stirred  and  heated 
in  a  nitrogen  atmosphere.  The  liberation  of  volatile  products  began  at  230“  and  5  g  of  product  distilled  at  230- 
250“  over  a  period  of  4  hr;  in  the  reaction  Cask  there  remained  a  viScous,  heterogeneous  resin,  which  contained 
5.1*70  of  silicon.  More  volatile  products  distilled  with  further  heating  and  the  silicon  content  of  the  distillation 
residue  fell  to  3.8*70.  The  distilled  products  were  treated  witli  HCl  solution,  washed  with  water,  dried  over  CaCl{, 
and  distilled.  We  isolated:  1)  1  g  of  hexamethylcyclotrisiloxane  with  b.p.  130—140“,  which  formed  crystals  with 

m. p.  56-58“  and  contained  37.2*7o  of  silicon;  2)  1  g  of  octamethylcyclotetrasiloxanc  with  b.p.  170-175*,  up® 


2379 


l.M94.'S,  O.O.S-Sn.  Mothyl.inilinc  hydrochloride  (2.1  R)  was  isolated  Iroin  the  aam  ous  layer. 

Condensation  of  bis(phcnylaminomcthyl)  tctramcthyldisiloxanc  with  ftimaric  and  succinic  acids.  Into  a 
reaction  tube  were  placed  3.4  g  of  his(phenylarninoniethyl) tctramethyldisiloxane  and  1.18  g  of  succinic  acid; 
the  distillation  of  volatile  products  began  at  180’  and  there  distilled  0.6  g  of  substance  containing  lO.S'l/p  of  Si 
and  having  n^^  1.4280.  Tlie  distillation  residue  formed  layers  on  cooling;  the  upper  layer  was  light  in  color  and 
contained  32.8'7<’  of  Si,  while  the  lower  layer  was  dark  and  viscous  and  contained  0.077'’  Si.  Analogously,  when 
3.4  g  of  his( phcnylaminomethyl)  tctramethyldisiloxane  was  heated  witli  1,16  g  of  fumaric  acid,  there  distilled 
0.6  g  of  product  with  0^^”  1.4200  and  containing  19.247n  of  silicon;  the  distillation  residue  consisted  of  two  layers 
the  upper  light  layer  (0.4  g)  contained  28.37’  of  Si  and  the  lower,  dark  layer  contained  3.47<’  of  Si, 

SUMMA  RY 

The  reaction  of  bis( phcnylaminomethyl)  tctramethyldisiloxane  with  adipic,  tercphthulic,  succinic,  and 
fumaric  acids  was  studied  and  it  was  shown  that  polyamides  are  not  formed.  The  reaction  involves  cleavage  of 
Si-C  and  Si-ft-Si  bonds.  A  reaction  mechanism  is  proposed. 

LITERATURE  CITED 
1.  S.  B,  Speck,  J.  Org.  Ch.  j8.  1689  (  193.9). 
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p-Aminobenzoit  acid  is  known  to  have  considerable  and  diverse  physiological  activity.  In  microorganisms, 
it  plays  the  part  of  a  growth  vitamin.  T.  D.  Mashkovskii  [1]  established  that  it  very  strongly  depresses  the  growth 
of  the  bacteria  of  exanthematous  fever  and  some  Rickettsia.  Many  p-aminobenzoic  esters  such  as  anesthesine, 
novocaine,  tutocaine,  stovocainc,  etc.  have  found  wide  application  in  medicine  as  local  anesthetics  [2].  I.  N. 
Nazarov  and  N.  S.  Prostakov  [3J  synthesized  erters  of  4-aryl-4-piperidols  and  p-aminobenzoic  acid,  which  have 
a  very  diverse  physiological  activity.  K.  S.  Bokarev  f41  described  tlie  synthesis  of  N-acyl  derivatives  of  p-amino¬ 
benzoic  acid  and  anthranilic  acid  in  which  the  acyl  groups  were  the  residues  of  2,4-dichloro-  and  2,4,5  trichloro- 
phenoxyacctic  acids.  These  substances  have  growth  regulating  properties  [5]. 

A.  V.  Stepanov  [6]  synthesized  anesthesire  N-glucosides  of  p-  and  o-aminobenzoic  acids  and  their  esters; 

M.  Kh.  Gluzman  and  V.  I.  Kovalenko  [8]  prepared  N-quinovosyl-p-aminobenzoic  acid.  All  these  compounds  are 
anesthetics. 

The  synthesis  of  alkyl  and  diethylaminocthyl  esters  of  N-substituted  p-aminobenzoic  acid  is  described  in 
the  v/ork  of  Epstein  [9], 

In  the  previous  work  of  one  of  us  [10],  anesthesine  was  converted  into  the  diethylidene  compound  by  con¬ 
densation  with  acetylene. 

In  the  present  work  we  undertook  to  synthesize  new  derivatives  of  p-aminobenzoic  acid.  For  this  purpose, 
we  used  a  reaction  we  had  studied  previously.  In  the  work  of  one  of  us  [11,  12],  a  description  was  given  of  the 
catalytic  condensation  of  Schiffs  bases  with  aliphatic-aromatic  ketones,  which  formed  the  corresponding  0 -aryl- 
amino  ketones.  In  tlie  present  work,  we  used  Schiffs  bases  from  p-aminobenzoic  esters. 

From  bcnzal  methyl  p-aminobenzoate  and  aceiophcnone,  we  synthesized  6-(p-carbomcthoxyanilino)-0- 
phcnylpropiophenone  (i);  from  benzal  ethyl  p-aminobenzoate  and  acetophenone,  we  synthesized  6-(p-carbo- 
ethoxyanilino)-0 -phenylpropiophenone  (II):  from  benzal  n-propyl  p-aminobenzoate  and  acetophenone,  we  ob¬ 
tained  6 -(p-carbopropoxyanilino)-6 -phenylpropiophcnone  (III):  from  benzal  n-butyl  p-aminobenzoate  and  aceto¬ 
phenone,  we  obtained  6 -(p-carbobutoxyanili.no)-0 -phenylpropiophcnone  (IV).  By  condensing  benzal  methyl  p- 
aminobenzoate  with  methoxyacetophenonc,  we  obtained  3 -(p-carbomethoxyanilino)-6 -phenyl-p-methoxypropio- 
phenone(V);  benzal  ethyl  p  aminobenzoatc  and  methoxyacetophenone  yielded  0 -(carboethoxyanilino)-8 -phenyl - 
p-methoxypropiophenone  (VI);  benzal  n-propyl  p-aininobenzoate  and  methoxyacetophenone  yielded  0-(p-carbo- 
propoxyanilino)-0 -phenyl-p-methoxypropiophenone  (VII);  benzal  n-butyl  p-aminobenzoate  and  methoxyaceto- 
phenone  yielded  0 -(p-carbobutoxyanilino)  0 -phenyl-p-methoxypropiophenone  (VIII).  Reaction  of  p-methoxy- 
benzal  methyl  p-aminobenzoate  and  acetophenone  yielded  0 -(p-carbomethoxyanilino)-0 -p-methoxyphenylpro- 
piophenone  (IX);  p-methoxybenzal  ethyl  p-aminobenzoate  and  acetophenone  yielded  0 -(p-carbethoxyanilino)-0- 
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p-mcthoxyphcnylpropiophcnonc  (X);  p-mctlioxybennal  n-propyl  p-aminoben;:oate  and  acctopiicnonc  yielded  B- 
(p-carbopropoxyaniUno)-3 -p-methoxyplicnylpropiophenonc  (XI).  Condensation  of  p-mcthoxybenzal  methyl  p- 
aminobenzoate  with  methoxyacctophcnonc  yielded  3 -(p-carbomethoxyanilino)-3-p-methoxyphenyl-p-methoxy- 
propiophenone  (XII);  p-methoxybenzal  ethyl  p-aminobenzoate  and  methoxyacetophenone  yielded  8-(p-carbo- 
ethoxyanilino)-3 -p-methoxyphcnyl-p-methoxypropicphenone  (XIII):  p-methoxybenzal  n-propyl  p-aminobenzoate 
and  methoxyacetophenone  yielded  3-(p-carbopropoxyanilino)-8  p-methoxyphenyl-p-methoxypropiophenone  (XIV); 
p-methoxybenzal  n-biityl  p  aminobenzoate  and  methoxyacetophenone  yielded  8 -(p-carbohutoxyanilinoi-S-p- 
methoxyphcnyl-p-methovypropiophcnonc  ( XV). 

The  synthesis  of  the  compounds  given  above  may  be  regarded  as  the  result  of  the  addition  of  the  ketone 
molecule  to  the  azomethine  bond  of  the  SchifPs  base. 
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EX  PERIMENTA  L 

The  p-aminobcnzoic  esters  were  prepared  according  to  data  in  [13,  14], 

Synthesis  of  8-arylamino  ketones.  A  0.01  mole  sample  of  Schiffs  base  was  dissolved  in  5-10  ml  of  alcohol 
with  heating  on  a  water  bath.  An  equimolecular  amount  of  aromatic  ketone  and  0.5-1  g  of  catalyst  (hydrochloride 
of  the  amine  used  to  prepare  the  Schiffs  base)  were  then  added.  The  reaction  mixture  was  heated  on  a  water  bath 
for  5-15  min  and  then  cooled.  The  crystals  obtained  were  treated  with  ammonia  and  recrystallized  from  a  mix¬ 
ture  of  toluene  and  alcohol  or  benzene  and  alcohol  (sometimes  from  one  solvent).  The  results  obtained  are  given 
in  the  table. 


SUMMARY 

The  condensation  of  Schiffs  bases,  obtained  from  p-aminobenzoic  esters  and  aromatic  aldehydes,  with  ali¬ 
phatic-aromatic  ketones  was  studied.  Fifteen  new  3-arylamino  ketones  were  synthesized.  The  reaction  mechan¬ 
ism  is  examined. 


2382 


LITERATURE  CITED 


1.  T.  D.  Mashkovskll,  Novosti  Meditsiny  (Khimoierapiya),  62(1948). 

2.  State  Pharmacopoeia  fin  Riissianl  ( 1046)  Vol.  8,  Ko.  60,  p.  338. 

3.  I.  N.  Nazarov  and  N.  S.  Prostakov,  Zhiir.  Obshch.  Khirn.  2834(1956).  • 

4.  K.  S.  Bokarev,  Zhur.  Obshch.  Khim.  1358  ( 1950). • 

5.  H.  E.  Tliompson.  ct  al.,  Botan.  Gazz.  107,  476  (19'16). 

6.  A.  V.  Stepanov,  Farmatsiya,  4,  41  (1942). 

7.  C.  Sanhic,  Bull.  Soc.  Chim.  VII-\TII,  892(1948). 

8.  M.  Kli.  Gliizman  andV.  I.  Kovalenko,  Zhur.  Obshch.  Khim.,  Coll.  I,  468  (1953). 

9.  E.  Epstein,  ct  al.,  J.  Am.  Chcm.  Soc.  1^,  5814  (1957). 

10.  N.  S.  Kozlov  and  P.  N.  Fedoscev,  Zhur.  Obshch.  Khim.  7,  51  (1937), 

11.  N.  S.  Kozlov  and  I.  A.  Shur,  Doklady  Akad.  Nauk  SSSR  123,  102(1958).* 

12.  N.  S.  Kozlov  and  I.  A.  Shur,  Zliur.  Obshch.  Khim.  2706,  3779(1959),* 

13.  I.  Kh.  Fel'dman  and  A.  M.  Hidlin,  Zhur.  Obshch.  Khim.,  Coll.  I,  04  (1953). 

14.  Preparative  Organic  Chemistry  [Russian  translation]  (IL,  1959)  p.  368. 


•Original  Russian  pagination.  See  C.  B.  translation. 


2383 


AUTOOXIDATION  OF  p  -  F  T  H  Y  L  -  S  EC  -  BU  T  Y  I,  B  EN  Z  EN  E 


S.  V.  Zavgorodnii  and  V.  G.  Shalganova 
Voronezh  vState  University 

Translated  from  Zhnrnal  Obshchei  Khimii,  Vol.  30,  No.  7,  pp.  2402-2406, 
July,  lor.n 

Original  article  submitted  June  7,  1959 


Tlie  liquid -phase  ovidation  of  dialkylbcnzenes  to  hydroperoxides  has  not  been  sttidied  sufficiently.  There 
arc  mainly  patent  reports  on  tliis  problem.  Some  investigations  have  been  devoted  to  the  autooxidation  of  cymencs 
[1-4],  diisopropylbenaenes  [5,6],  and  di-sec -butylbcnzencs  [7-9].  The  autooxidation  of  p-ethylisopropylbenzenc 
[6],  p-isopropyl  tert-butylbenzene,  p-methyl-sec-butylbenzcne,  and  xylenes  to  the  corresponding  hydroperoxides 
has  been  studied  [10]. 

In  tlie  present  work  we  studied  the  autooxidation  of  p-ethyl-scc-butylbenzene  and  p-sec-butylacetophenone 
by  atmospheric  oxygen  in  the  presence  of  manganese  resinate  and  some  additives  at  110’.  It  is  generally  accepted 
that  in  the  autooxidation  of  alkylarornatic  hydrocarbons,  molecular  oxygen  first  attacks  tertiary  alpha  C  atoms 
with  the  formation  of  hydroperoxides.  Our  investigations  established  that  in  the  autooxidation  of  p-etliyl-sec-butyl- 
benzene  (I),  the  attack  of  molecular  oxygen  is  directed  predominantly  toward  the  secondary  alpha  C  atom  of  the 
ethyl  radical  with  the  formation  of  a-mcthyl-p-sec -butylbenzyl  hydroperoxide  (II)  and  it  is  only  with  prolonged 
autooxidation  of  hydrocarbon  (I)  or  in  the  presence  of  cobalt  acetate  and  sodium  stearate  that  molecular  oxygen 
attacks  the  tertiary  alpha  C  atom  of  the  sec-butyl  radical  with  the  formation  of  a-mcthyi-a.-ethyl-p-ethylbenzyl 
hydroperoxide  (III). 

In  contrast  to  p-diisopropylbenzene  [5],  hydrocarbon  (I)  is  oxidized  by  atmospheric  oxygen  very  slowly.  As 
in  the  case  of  other  hydrocarbons,  the  autooxidation  proceeds  in  such  a  way  that  the  hydroperoxide  concentration 
first  increases,  reaches  a  maximum,  and  then  begins  to  fall  and  with  tlie  prolonged  passage  of  air,  hydroperoxide 
disappears  completely  from  tlie  reaction  mixture. 

The  curves  in  the  figure  show  that  during  the  autooxidation  of  (I)  in  the  presence  of  manganese  resinate  alone 
(3  mg  per  mole),  the  maximum  hydrop>eroxide  concentration  was  reached  after  27  hr  and  equaled  5.5*70.  Alkaline 
additives  (sodium  hydroxide  and  calcium  hydroxide)  did  not  accelerate  the  process  appreciably,  but  stabilized  It 
and  made  it  possible  to  carry  out  the  oxidation  up  to  the  formation  of  hydroperoxide  at  a  higher  concentration. 
Thus,  when  O.IP  mole  of  sodium  hydroxide  was  added  to  the  magnesium  resinate,  the  maximum  hydroperoxide 
concentration  reached  18.4*7o  after  64  lir.  The  oxidation  of  (I)  was  more  efficient  in  the  presence  of  manganese 
resinate  and  calcium  hydroxide  (0.6  mole).  In  this  case,  the  maximum  hydroperoxide  concentration  was  21.7*70 
after  29  hr. 

The  main  products  from  sulfuric  acid  cleavage  of  the  hydroperoxide  were  p-sec-butylacetophenone  (IV)  and 
p-sec-butylphcnol  (V).  Their  yield  for  the  best  conditions  was  14.8  and  3.9*7o  respectively. 

The  autooxidation  of  (I)  in  the  presence  of  manganese  resinate  and  sodium  hydroxide  resulted  in  a  maximum 
hydroperoxide  concentration  of  11.2*7  after  87  hr,  which  fell  to  3.3*7o  after  111  hr,  and  hydroperoxide  disappeared 
completely  from  the  reaction  mixture  after  125  hr.  The  oxidation  products  then  were  (IV).  (V),  and  p-diacetyl- 
benzene(VI).  Tlieir  yields  were  16.1,  3.4,  and  0.08*7'’,  respectively.  Thus,  there  was  decomposition  of  the  hydro¬ 
peroxide  simultaneously  with  its  formation. 
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TIic  aiitooxidation  of  (I)  in  the  presence  of  manganese 
resinate,  cobalt  acetate,  sodium  stearate,  calcium  hydroxide, 
and  sodium  hydroxide  proceeded  quite  vigorously,  but  the  hydro¬ 
peroxide  concentration  in  the  reaction  mixture  in  this  oxidation 
did  not  exceed  .'1.17'’,  After  ].3'1  hr,  82,770  of  hydrocarbon  (I)  was 
oxidized.  Tlus  yielded  (IV),  (VI)  and  p-acetylbenzoic  acid  (VII) 
in  yields  of  74. .5,  8.3,  and  170,  respectively.  After  96  hr  in  the 
presence  cf  the  same  initiators  and  additives,  p-sec-butylaceto- 
phenonc  (IV)  was  oxidized  to  p-diacetylbenzenc  in  46.67oyield. 


Time  (hours) 

A  characteristic  of  the  oxidation  of  (I)  was  the  fact  that 
the  main  product  was  (IV)  under  different  conditions.  p-scc-Butylphenol  was  not  isolated  in  experiments  with 
cobalt  accLatc  and  sodium  stearate. 


EXPERIMENTAL 

p- Ethyl -sec -butylbenzene  (I)  was  obtained  by  alkylation  of  ethylbenzene  with  pseud obutylene  in  the  pres¬ 
ence  of  the  catalyst  BF3-H3P04  in  molar  ratios  of  1..5:  1:  0.2  at  30°  with  an  average  yield  of  777o  [11],  Before  oxida¬ 
tion,  it  was  rcpcatcdlv  treated  with  concentrated  sulfuric  acid,  washed  well  with  a  107o  aqueous  solution  of  sodium 
hydroxide  and  water,  dried  over  NaOH,  and  distilled  over  metallic  sodium.  It  had  b.p.  205—207,  d^^  0.8628,  np)® 
1.492o.  The  p-scc  -biitylphcnol,  which  was  used  for  identification  of  the  oxidation  products,  was  obtained  by  alkyla¬ 
tion  of  phenol  with  pseudobutyJene  in  tlie  presence  of  tlie  catalyst  BF3'H3P04  [12].  It  had  m.p.  56-^57°. 

Ai’toovidation  c^  p- ethyl -scc-butylbcnzcne 

Into  a  glass  column  reactor  in  an  cil  thermostat  were  introduced  substance  (I),  the  initiators,  and  additives. 
Tlie  mixture  was  lieatcd  to  110"  and  aLr  passed  at  18  litcr/hr  until  the  maximum  hydroperoxide  concentration  had 
been  attained  and  the  concentration  began  to  fall  or  until  the  hydroperoxide  disappeared  from  the  reaction  mix- 
ttirc  completely.  The  liydropcroxide  content  of  the  reaction  mixture  was  determined  every  2-6  hr  iodomctrically. 

Oxidation  of  (  I)  until  hydropcro.xidc  disappeared  from  thereaction  mixture.  Tlie  reactor  was  charged  with 
162  g  of  (I),  300  mg  of  sodium  liydroxidc,  and  10  ml  of  methanol,  the  mixture  heated  to  70°,  3  mg  of  manganese 
resinate  introduced,  and  dry  air  passed  tlirough  the  reaction  mixture  at  18  liter/hr.  After  87  hr,  the  hydroperoxide 
concentration  readied  11.27’  and  began  to  fall  w’ith  further  passage  of  air.  Tlie  mixtiue  was  then  heated  to  110° 
and  oxidation  continued  at  this  temperature  until  the  hydroperoxide  disappeared  completely  from  the  mixture, 
i.e.,  12.5  hr.  Tlie  reaction  mixtiuc  (132  g)  was  treated  with  107<’  aqueous  NaOH  solution  to  extract  acid  products; 
the  alkaline  layer  was  separated  from  tlic  neutral  me  and  the  latter  washed  witli  water,  dried  with  MgS04,  and 
distilled.  This  yielded  83  g  (62.97'’)  of  unoxidized  (I),  26.4  g(16.l7f’)  of  (IV),  and  0.13  g  (about  17'’)  of  (VI).  Treat¬ 
ment  of  the  alkaline  layer  with  concentrated  hydrochloric  acid  liberated  5.04  g  or  3. 470  of  (V)  and  1.85  g  of  tar. 

In  tlie  autooxidation  of  128  g  of  (I)  in  the  presence  of  1  mg  of  manganese  resinate,  500  mg  of  sodium  stea¬ 
rate,  150  mg  of  cobalt  acetate,  120  mg  of  NaOH,  and  300  mg  of  calcium  hydroxide,  the  maximum  hydroperoxide 
content  of  3.l7t'  was  reached  after  16  hr.  VVitli  further  passage  of  air,  the  hydroperoxide  concentration  began  to 
fall  and  no  hydroperoxide  was  detected  in  the  reaction  mixture  after  47  hr.  After  air  had  been  passed  for  133  hr, 
the  weight  of  the  reaction  mixture  was  1.33.5  g  and  treatment  of  this  mixture  as  described  above  yielded  13.7  g 
(10.37'’)ofunoxidized(I).96.29g(74.57j)of(IV).  10.G(8.37o)of(VI).  1.3 g (about  l7o) of  (VH),  and2g  of  tar. 

Data  from  experiments  on  the  autooxidation  of  (I)  up  to  the  formation  of  the  maximum  hydroperoxide  con¬ 
centration  in  the  reaction  mixture  are  given  in  the  table. 

A  reaction  mixture  contining  21.77'’  of  p-ethylisopropylbenzene  hydroperoxide  had  d4^  0.9841,  Op”  1.5040, 

Sulfuric  acid  cleavage  of  p-ethvl-sec-b’Jtylbenzena  hvdrc;7croxide.  A  79.8 -g  sample  of  reaction  mixture 
containing  12.67c  of  hydroperoxide  was  placed  in  a  three-necked  flask  with  a  stirrer,  reflux  condenser,  thermo¬ 
meter,  and  dropping  funnel  and  with  vigorous  stirring  at  room  temperature  and  then  at  70—80°,  107'>  sulfuric  acid 
was  added  dropwise  until  a  reaction  for  hydroperoxide  was  negative  (6  ml  of  sulfuric  acid  was  added  over  66  hr). 
After  decompositon  of  the  reaction  product  the  mixture  was  treated  repeatedly  with  small -portions  of  107'’  sodium 
hydroxide  solution  until  the  acid  products  had  been  extracted  completely,  the  alkaline  solution  treated  witir  ether, 
the  ether  extract  added  to  the  hydrocarbon  layer,  tlie  alkaline  solution  mixed  with  concentrated  hydrochloric  acid 
to  a  weakly  acid  reaction,  and  the  products  were  extracted  with  etiier,  washed  with  water,  dried  with  magnesium 
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sulfate,  and  distilled.  Tins  yielded  of  unoxidired  (T).  11.22  )  rf  (IV),  i.')  g(  l. -'V)  of 

(V),  and  4.2  g  of  tar. 

Autooxidation  of  p-sec-butylacetophenone.  A  mixture  of  3^1  g  of  p-sec-butylacetophenone  (IV),  which  was 
obtained  by  oxidation  of  (I)  (b.p.  125-129“  at  7  mm,  d/''  0.9750,  n^^  1.5190),  0.2  mg  of  manganese  resinate, 

30  mg  of  cobalt  acetate,  100  mg  of  sodium  stearate,  60  mg  of  calcium  hydroxide,  and  20  mg  of  sodium  hydrox¬ 
ide  was  oxidized  with  atmospheric  oxygen.  After  43  hr,  the  mixture  began  to  deposit  crystals  on  standing.  Tlie 
oxidation  was  cor^tinucd  for  96  hr.  Hydroperoxide  was  absent  from  the  reaction  mixture  from  the  beginning  to  the 
end  of  the  process  and  this  is  probably  explained  by  the  ready  decomposition  of  the  hydroperoxide  of  (IV)  under 
the  given  conditions.  Appropriate  treatment  of  tfie  reaction  products  yielded  15.2  g(46.6"/(')  of  p-diacetylbcnzenc 
and  17.6  g  of  unoxidized  (IV). 

Characteristics  of  oxidation  products  of  p-ethyl-sec-butylbenzene 

p- Sec -butyl  phenol  is  a  colorless  liquid.  It  has  b.p.  67  —  77“  (2  mm),  d4^  1.1020,  1.5230.  On  standing, 

it  crystallized  in  white  needles.  Tlie  m.p.  was  52-54“  (from  aqueous  alcohol).  Literature  data  [13]:  m.  p.  59“. 

A  mixed  mcltinp  point  with  p-sec-butylphenol,  obtained  by  alkylation  of  phenol  with  psciidobutylene  in  the  pres¬ 
ence  of  BF3*H3P04,  was  not  depressed. 


Materia!' 

!  f('r  autoe'-.id.'.rion  (  niq) 

■ 

Maximum  hydro¬ 
peroxide  concen¬ 
tration  (^0) 

Time  to  reach 
maximum  hydro¬ 
peroxide  concen¬ 
tration  (hr) 

Final  hydro¬ 
peroxide  con¬ 
centration  {%') 

35.0 

0.6.5  1 

- 

- 

5.5 

27 

5.2 

36.7 

0.67 

47 

- 

16.3 

80 

15.3 

30.0 

0.50 

60 

CH3OH  ( 1  ml) 

18.4 

64 

16.1 

30.0 

0.6,0 

400 

- 

15.0 

81 

13.4 

91.7 

1.00 

50 

Hydroperoxide 
of  (I)  (1.42  g) 

14.9 

72 

12.6 

33.7 

2.10 

Ca(OH)2(208 

mg) 

21  7 

29 

1 

18.5 

p- Acctylbenzoic  acid  formed  a  finely  crystalline,  white  powder.  The  m.p.  was  203-204“  (sublimation  and 
recrystallization  from  alcohol):  its  metliyl  ester  had  m.p.  89.5-90“.  Literature  data  [14j:  for  the  acid,  m.p.  208“, 
for  the  methyl  ester,  m.p.  92“. 

p-  scc-Butylacetophenone  is  a  colorless  liquid  with  a  weak,  pleasant  odor.  It  had  b.p.  125—129’  (7  mm), 
d*4  0.9750,  np)^'’  1.5190.  MRp  54.76;  Calc.  54.03.  The  2.4-dinitrophenylliydrazone  formed  orange  scales.  It  had 
m.p.  145—146“.  Literature  data  [15]:  for  the  ketone,  b.p.  130-131*  (7-8  mm),  n^^”  1.5182;  for  the  2,4-dinitro- 
phenylhydrazone,  m.p.  146-  147’. 

p-Diacetylhenzcne  formed  white  scales.  The  m.p.  was  113-113.5“  (from  alcohol).  A  mixed  melting  point 
with  p-diacetylbenzene,  obtained  by  oxidation  of  p-ethylacetophenone  [16],  was  not  depressed.  Literature  data 
[16];  m.p.  113-114". 

SU  MMA  RY 

1.  A  study  was  made  of  the  autooxidation  of  p-ethyl-scc-butylbenzene  and  p-sec-butylacetophcnone  with 
atmospheric  oxygen  in  the  presence  of  manganese  resinate,  sodium  hydroxide,  and  other  additives  at  110“. 

2.  It  was  shown  that  despite  the  presence  of  a  tertiary  alpha  C  atom  in  the  buty'l  radical  in  p-ethyl-scc- 
butylbenzene,  the  attack  of  molecular  oxygen  was  largely  directed  at  the  alpha  C  atom  of  the  ethyl  radical,  re¬ 
sulting  in  the  formation  of  a-methyl-p-sec-butylbcnzyl  hydroperoxide;  the  main  reaction  product  from  prolonged 
oxidation  was  therefore  p-scc-butylacetophcnone. 

3.  It  was  found  that  p-sec-butylacetophenone  may  be  oxidized  to  p-diacetylbenzene  by  atmospheric  oxy¬ 
gen  in  47*73  yield. 
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One  of  us  showed  previously  [1]  that  nitrosyl  chloride  adds  readily  to  the  double  bond  of  chlorinated  olefins 
to  form  the  corresponding  chloronitroalkanes  or  their  conversion  products.  Tliis  reaction  was  later  extended  to 
fluorinated  ethylenes  [2,  3]  and  in  this  case  there  were  formed  the  corresponding  chloronitro  derivatives  or  acid 
halides  of  hydroxamic  acids,  if  there  was  a  hydrogen  atom  at  the  carbon  atom  forming  the  C-N  bond.  Haszeldine 
showed  that  nitrosyl  bromide  and  also  nitryl  chloride  add  to  halogenated  ethylenes  analogously  [3].  The  addition 
of  nitrogen  dioxide  to  polyfluorinated  ethylenes  forms  the  corresponding  dinitroalkanes  [4,  5].  Knunyants  and 
Fokin,  who  made  a  detailed  study  of  the  nitration  of  perfluoroolefins,  found  [6,  7]  that  at  room  temperature,  nitro¬ 
gen  dioxide  converts  an  olefin  into  the  corresponding  dinitroalkane  and  nitronitrite,  while  at  temperatures  above 
100*,  the  reaction  is  more  complex,  giving  a  series  of  products  including  nitrosoalkanes. 

It  seemed  interesting  to  study  the  behavior  of  polyfluorinated  ethylenes  toward  N2O3.  In  this  case,  the  reac¬ 
tion  could  lead  to  the  corresponding  nitronitroso  compounds  as  occurs  with  nonfluorinated  unsaturated  compounds. 

The  gas-phase  reaction  of  N203  with  tetrafluoroethylene,  even  at  room  temperature,  readily  formed  an  in¬ 
tense  blue  liquid,  which  was  2-nitro- 1,1,2, 2-tctrafluoronitrosoethane  (cf.  [6,  7]).  Together  with  this  main  reac¬ 
tion  product  (more  than  60‘7('  yield),  the  dinitro  derivative  of  tetrafluoroethylene  and  a  small  amount  of  unidentif¬ 
ied  high-boiling  substances  were  formed.  Analogously,  N2O3  and  trifluorocthylene  formed  a  chlorine-containing 
nitronitroso  compound. 

Like  other  polyfluorinated  nitroso  compounds  described  by  Ruff,[8],  Huckel  [9],  and  then  Haszeldine  [3], 
the  nitronitroso  compounds  obtained  were  comparatively  stable  and  did  not  form  dimers.  The  infrared  spectrum  of 
the  nitroso  compound  obtained  from  tetrafluoroethylene  showed  the  characteristic  frequencies  of  the  valence  vibra 
tions  of  N  =  0  and  C— N  bonds  at  6.2  and  12.25  g,  respectively,  which  practically  coincided  with  the  frequencies 
given  for  analogous  compounds  [10].  Reduction  of  perfluoronitronitrosoe thane  with  hydriodic  acid  in  ether  gave 
the  acid  fluoride  of  nitrodifluoroacethydroxamic  acid,  which  was  isolated  as  the  stable  etherate.  The  structure  of 
this  substance  was  confirmed  by  the  fact  that  its  infrared  spectrum  contained  the  frequencies  characteristic  of  an 
NOj  group  (6.29  fi)  [11]  and  a  C=N  group  (5.89  g)  [11-13].  The  low  frequency  of  the  OH  bond  (3.15-3.20  (i)  ap¬ 
parently  indicated  strong  association  of  the  substance.  The  analogous  reaction  of  trifluorochloronitronitrosoethane 
formed  the  acid  fluoride  of  the  same  hydroxamic  acid.  This  conversion  unequivocally  demonstrates  the  structure 
of  this  compound  as  N02CF2CFC1N0.  Evidently,  the  groupings  -CF2NHOH  and-CFClNHOH  in  the  intermediate 
products  of  the  reduction  described  arc  unstable  and  tend  to  lose  the  elements  of  hydrogen  halide  and  from  our 
experiments  it  follows  that  the  elimination  of  HCl  proceeds  more  readily  than  that  of  HF. 

NO2CF2CFXNO  — (NO2CF2CFXNHOM)  NOjCFzCFzrrNOH 

,  where  x  =  F,  ci. 
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A  similar  conversion  was  observed  previously  in  the  reduction  of  trichloronitrosonicthane  [14]. 

The  structure  of  the  nitronitroso  compound  obtained  from  N203  and  trifluorochloroethylcne  shews  that  in 
the  reaction  examined,  the  addition  of  the  elements  of  \’203  proceeds  in  such  a  way  that  the  nitroso  group  is 
attached  to  the  carbon  atom  with  the  greatest  electron  density.  Tliis  direction  of  addition  do^’s  not  correspond  to 
the  order  of  ionic  addition;  for  th  ’  analogously  directed  addition  of  N2O3  to  acrylic  systems,  Shechtcr  and  Ixjy 
proposed  a  hemolytic  mechanism  fib].  It  may  be  assumed  that  the  NO,  radical  formed  by  dissociation  of  N2OS 
begins  the  process,  adding  to  the  unsaturated  system,  and  the  nitroaliphatic  radical  tlius  formed  then  combines 
with  NO.  Tliis  hypothesis  i*;  confirmed  to  some  extent  by  the  fact  tnat  the  olefins  we  studied  themselves  do  not 
react  with  N(''  (in  the  dark).  The  reaction  of  gaseous  mixtures  of  CF2  =  CF2  or  CF2=C;FC1  v.'ith  NO  under  irradia¬ 
tion  leads  to  the  corresponding  nitronitroso  compounds  due  to  conversion  of  NO  to  N,03  and  addition  of  the  latter 
to  tiie  olefin.  It  is  interesting  to  emphasize  the  fact  that  in  the  reaction  of  N2O3  with  trifluorochloroethylene,  the 
NO2  radical  is  directed  to  the  CF2  group  of  CF2  =  CFC1.  i.e.,  behaves  similarly  to  other  radicals  investigated  in 
the  reaction  with  this  olefin,  such  as  Br  and  CF3  [16,  17]. 

EX  PERIMENTA  L 

1.  Reaction  of  CF2=CF2and  N2O3.  Preparation  of  2-nitro- 1 ,1,2,2  tetrafluoronitrosoethane.  A  6.6-liter 
evacuated  flask  was  charged  with  tetrafluoroethylcne  and  N2O3  in  a  ratio  of  1:1.  The  reaction  was  complete  after 
6  hr.  We  isolated  45  g  of  the  nitronitroso  compound  (42‘7<’  on  tetrafluoroethylcne). 

B.p.  25’,  d2n^'’  1.513. 

Found 'Vo;  c  14.08,  13.86;  N  14.70,  14.98;  F  43.50.  43.23.  M  176.  C2O3N2F4.  Calculated  c  13.6;  N  15.5; 

F  43.5.  M  176. 

From  the  high-boiling  still  residues,  we  isolated  8.7  g  of  tetrafluorodinitroethane  witli  b.p.  58’  [4]. 

2.  Reduction  of  2-nitro- 1 . 1 .2. 2-tetrafliioronitrosocthane.  Preparation  of  nitrodifluorcaccthydroxamyl  fluo- 
ridc  ethcrate.  With  stirring  and  cooling  in  ice  and  salt,  5  g  of  the  nitroso  compound  was  gradually  added  dropwise 
to  a  mixture  of  F  g  of  hydriodic  acid  ..nd  20  ml  of  ether.  After  30  min,  the  reaction  mixture  was  washed  with  a 
saturated  solution  of  sodium  hyposulfite,  extracted  with  ether,  and  the  ether  extract  dried  over  sodium  sulfate  and 
distilled.  We  obtained  2.2  g  of  substance. 

B.p.  56’  at  50  mm.  d2o^”  1.350,  n^”  1.3330. 

Found'’/'':  C  24.42,  24.38;  H  3.08,  3.27;  N  15.4,  15.1;  F  30.46.  30.21;  OC2H5  11.50,  11.62.  C2H03N2F3- 
i(C2H5)20.  Calculated'7t):C24.6;  H  3.07;  N  14.8;  F  29.2;  OC2H5  11.5.* 

3.  l^ac^iM  of  CF,  =  CF;  and  NO  in  ultraviolet  light.  A  3.15-liter  flask  of  heat-resistant  glass  was  charged 
with  tetrafluoroethylane  and  NO  in  a  volume  ratio  of  1:2  and  then  the  flask  was  irradiated  for  40  hr  with  a  PRK-2 
mercury-quartz  lamp  at  a  distance  of  30-50  cm  from  the  flask.  We  obtained  2. 5  g  of  nitronitroso  compound  with 
b.p.  25’.  The  yield  on  tetrafluoroethylene  was  3d’/c. 

4.  Reaction  of  CF2~CFC1  and  N2O3.  Preparation  of  2-nitro- 1,2, 2-trinuoro- l-chloronitrosoethane.  A  13.15- 
liter  evacuated  flask  was  charged  with  CF2- CFCl  and  N2O3  in  a  ratio  of  1:1.  After  4  hr,  the  reaction  product  was 
pumped  out  and  distilled.  We  obtained  26.5  g  of  nitronitroso  compound  (washed  with  water  and  H2SO4). 

B.p.  57’  (or  8’  at  50  mm),  d2o^*'  1.557,  n^^  1,3360. 

Found 'yo;  C  12.11,  12.20;  N  13.70,  13.63;  F  29.20;  Cl  18.3. M  203.  C2O3N2F3CI.  Calculated  *70 ;  C  12.4; 

N  14.5;  F  29,6;  Cl  18.4.  M  192.7. 

The  yield  of  nitronitroso  compound  was  61*70  on  the  trifluorochloroethylene. 

5.  Reduction  of  2-nitro-l,2,2-trifluoro-l-chloronitrosoethane.  Reduction  of  5  g  of  2-nitro-l,2,2-trifluoro- 
l-chloronitrosoethane  with  8  g  of  hydriodic  acid  in  ether  by  the  procedure  described  above  yielded  2.7  g  of  nitro- 
difluoroacethydroxamyl  fluoride  ethers. 

B.p.  57’  at  50  mm.  djn^  1.351,  n^”  1.3335. 

Found  *70;  C  23.37,  23.49;  H  2.83,  2.60;  N  14.31,  14.59;  F  29.03,  29.06;  OCjHg  11.97,  12.25.  C2H03N2F3* 

2  (CjHs)^.  Calculated  %:  C  24.6;  H  3.0;  N  14.4;  F  29.3;  OC2H5  11.5. 

•Here  and  in  analogous  etherates,  half  of  the  alkoxyl  groups  present  were  determined  by  the  standard  Zeisel  pro¬ 
cedure. 
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SUMMARY 


1.  It  was  shown  that  the  reaction  of  polyfltiorinated  clcfins  such  as  tctrafluorcethylcnc  and  trifliiorochloro- 
cthylene  with  N2O3  in  the  gas  phase  forms  polyfluorinated  nitronitroso  compounds.  In  the  case  of  trifluorochloro- 
ethylene,  the  nitroso  group  is  attached  to  the  CFCl  group  of  the  olefin. 

The  same  nitroso  compounds  are  formed  by  the  reaction  of  tetrafluoroethylene  or  trifluorochloroethylene  with 
nitric  oxide  under  ultraviolet  irradiation. 

2.  Reduction  of  the  nitronitroso  compounds  obtained  with  hydriodic  acid  leads  to  the  formation  of  the  acid 
fluoride  of  nitrodifluoroacethydroxamic  acid,  which  was  isolated  as  the  etherate. 

LITERATURE  CITED 

1.  A.  Ya.  Yakubovich  and  A.  L.  Lcmke,  Zhur.  Obshch.  Khim.  2^,  649(1949).* 

2.  A.  Ya.  Yakubovich,  V.  A.  Shpanskii,  and  A.  L.  Lemke,  Zhur.  Obshch.  Khim.  24,  2257  (1954).* 

3.  R.  N.  Haszcldinc,  I.  Chem.  Soc.  2075  (1953). 

4.  D.  D.  Coffman,  et  al.,  J.  Org.  Ch.  J_4,  747  (  1949). 

5.  U.  S.  Pat.  2447504  ( 194S):  Chem. Tbs.  43,  3024  ( 1949). 

6.  I.  L.  Knunyants  and  A,  V.  Fokin,  Doklady  Akad.  Nauk  SSSR  111,  1035  (  1950).* 

7.  I.  L.  Knunyants  and  A.  V.  Fokin,  Izvest.  Akad.  Nauk  vSSSR,  Otdcl.  Kliim.  Nauk,  1439(1957).* 

S.  O.  Ruff  and  M.  Giese,  Ber.  09,  590,  684  (  193(3). 

9.  W.  Fluckel,  Nachr.  Ges.  Wiss. Gottingen,  36  (1940);  Chem.  Abs,  42,  6793(1949). 

10.  J.  Mason,  J,  Chem.  Soc.,  754(1956). 

11.  R.  N.  Haszeldine,  J.  Chem.  Soc.  2525  (1953). 

12.  R.  N.  Haszeldine,  J,  Chem.  Soc  1881  (1955). 

13.  S.  Califano  and  W.  Luttke,  Z.  phys.  Ch.  6,  89(1956). 

14.  W.  Prandtl  and  K.  Scnnewald,  Bcr.  62,  1767  (1929). 

15.  11.  Shcchtcr  and  D.  E.  Ley,  Chem.  a.  Ind.  _19,  535(1955). 

16.  R.  N.  Haszeldine  and  B,  R.  Steele,  J.  Chem.  Soc.  1592(1953). 

17.  R.  N.  Haszeldine  and  B.  R.  Steele,  J.  Chem.  Soc.  3747  (1954). 


•Original  Russian  pagination.  See  C.  B,  translation. 


2390 


REACTIONS  OF  HALOGENS.  NITRIC  OXIDE.  AND  PO  L  Y  F  LU  O  RI  N  A  T  E  D 
ETHYLENES  IN  ULTRAVIOLET  LIGHT 

PREPARATION  AND  THERJvL\L  DECOMPOSITION  OF  POLYFLUORINATED  ALIPHATIC 
NITROSO  COMPOUNDS 

V.  A.  Ginsburg,  N.  F.  Pr  i  ve  ze  n  t  se  v  a  ,  V.  A.  Shpanskii. 

N.  P.  Rodionova,  S.  S.  Dubov,  A.  M.  Khokhlova, 

S.  P.  Makarov,  and  A.  Ya.  Yakubovich 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  7,  pp.  2409-2415, 

July,  lOtSO 

Original  article  submitted  June  4,  1959 

In  previous  work,  we  showed  [1]  that  the  reaction  of  N2O3  with  tetrafluoro-  and  trifluorochloroethylcnes  in 
the  gas  phase  forms  pnlyflnorinatcd  nitronitroso  compounds.  This  obviously  radical  reaction  begins  with  the  addi¬ 
tion  of  an  NO2  radical  to  the  olefin  with  subsequent  combination  of  the  nitroalkyl  radical  formed  with  NO.  It 
seemed  interesting  to  carry  out  the  analogous  reaction  with  polyfluorinated  ethylene,  NO,  and  halogen  in  ultra¬ 
violet  light.  It  might  have  been  conjeetttred  that  atomic  chlorine  or  bromine  would  initiate  a  chain  which  would 
lead  to  the  formation  of  the  corresponding  6 -halodinitroso  compounds. 

Attempts  to  prepare  such  nitrosoalkanes  by  the  reaction  of  nitrosyl  chloride  or  bromide  with  polyhalogena- 
ted  olefins  were  made  previously  by  Yakubovich  et  al.  [2,  3]  and  also  by  Haszeldinc  [4];  however,  in  all  the  cases 
described,  no  nitroso  compounds  were  formed  and  the  reaction  products  were  the  corresponding  B-halonitro  com¬ 
pounds  or  acid  halides  of  hydroxamic  acids.  Nonetheless,  it  was  suggested  that  nitroso  compounds  were  formed  as 
intermediate  products  in  these  reactions. 

In  actual  fact,  as  is  described  below,  it  was  shown  later  that  the  reaction  of  nitrosyl  chloride  with  difluoro- 
dichloroethylene  gives  a  satisfactory  yield  of  l,2-difluoro-l,2,2-trichloronitrosoethane,  which  was  found  to  be 
quite  sLablc  under  the  experimental  conditions  and  was  isolated  in  a  discrete  state  (see  table,  compound  6).  It 
might  have  been  conjectured  that  when  the  reaction  was  carried  out  in  the  gas  phase  (low  concentrations),  the 
oxidation  of  the  nitroso  compounds  formed  would  be  retarded  and  hence  they  would  remain  in  the  reaction  sphere. 
Experiments  confirmed  this.  In  all  cases,  irradiation  of  mixtures  of  the  gases  NO  +  CI2  or  NO+  Br2  with  polyfluorina- 
ted  ethylcnes  such  as  tetrafluoro-,  trifluorochloro-,  and  trifluorocthylene  in  a  ratio  of  olefin:  NO:  Hal2=  1:1:  i 
gave  satisfactory  yields  of  the  corresponding  nitroalkanes  (see  table),  demonstrations  of  whose  structures  are  given 
below. 

Tliese  compounds  were  intense  blue  liquids,  which  were  comparatively  stable  under  normal  conditions. 

Together  with  nitroso  compounds,  from  the  reaction  mixture  we  always  isolated  the  corresponding  alkene 
dihalidcs  and,  in  a  number  of  experiments,  6-halonitro  compounds,  which  were  evidently  obtained  by  partial  oxi- 
dation  of  the  nitroso  compounds. 

In  the  infrared  spectra  of  the  nitroso  compounds  described,  the  frequency  of  the  N  =  0  group  vibrations  was 
in  the  region  6.2- 6. 3  p  and,  as  a  rule,  changed  very  little.  The  structure  of  the  8 -halonitroso  compounds  obtained 
from  the  unsymmctrical  olefin,  trifluorochloroethylene  (compounds  2  and  4). was  established  by  reduction  widi 


2391 


hydrlcxJic  acid.  The  intcrriediate  polytliicro.ilK’yli-.yJroNyl  =  ;:r.!:cs  f-'-  I'.cd  wcr:  foiirAl  to  Hr.  cn.-f-h'te  and.  in 

accordance  with  the  reactions  we  described  in  the  ptcvious  rrmmnnic.uion  fl'),  were  convened  into  acid  fluorides 
of  polyfluoroacethydroxamic  acids  (isolated  as  ctl.^iaiLS). 

ClCFzf'.FXNO  —  IClCKoCFXNIIOHI  — ^  CICFaCF^NOH 
(I3r) 

where  X  =  K.  ci. 

The  presence  of  the  oxime  grouping  in  the  reduction  product  of  1 ,2,2-trinuoro- 1,2-dichloronitrosoethane 
was  confirmed  by  the  infrared  spectrum,  which  showed  frequencies  of  the  groups  C  =  N  (5.95  fi)  and  OH  (3,15  p), 
analogous  to  the  corresponding  frequencies  for  nitrodifluoroaccthydroxanivl  fluoride  etherate  [1].  The  mass  spec¬ 
trum  •  of  this  substance  showed  the  ions  Hl')NCFCF2^  (m/e  112,  24‘7(’),  CFCl^  (m/e  85  and  87,  total  intensity 
4.S7i3),  NCFCF2CI+  (m/e  130,  2.79^o>,  HONCFCFjCr  (m/e  128,  1.57701.  In  addition,  the  mass  spectrum  showed 
molecular  ions  of  difluorochloroacethydroxamyl  fluoride  HONCFCF2Cl^  (m/e  147.  2.1877o)  and  ether  C^HioO^ 

(m/e  74,  23.6%)  and  also  ions  derived  from  ether  C3H7Cr  (m/e  59,  43,l7o)  and  €21150^  (m/e  45,  29.6%),  which 
indicates  the  complex  nature  of  the  bond  of  the  acid  fluoride  with  ether  in  the  compound  studied.  The  ion  with 
the  maximum  intensity  m  the  spectrogram  was  one  wit’i  m/e  31,  10'/, 0,  which  could  be  NOH  or  CF  , 

The  observed  orientation  in  the  addition  of  the  elements  of  nitrosyl  halide  to  the  unsymmetrical  olefin 
could  be  explained  by  an  ionic  mechanism  in  whicl;  tlic  rialidc  anion  is  •'dded  to  t':e  carbon  atom  witlt  the  least 
electron  density.  This  scheme  was  demonstrated  previously  for  tiic  reaction  of  lutrosyl  halides  witli  fluoroolefins 
In  the  liquid  phase  [3]. 

»S(4)  t(-)  VO'(-) 

4- No.x 


Sample 

Compound 

Boiling  point 

1  1 
1 

_ 

(pressure  in  mm) 

1 

CFaCiCFoNO 

—  .5" 

2 

CF2CICFCINO 

-L36 

2.0'.2 

1.3'4l0 

3 

CFoMrCFoNO 

-L18 

1  .S(;3 

4 

CFsMrCFClNO 

-1-10..')  (](X)) 

1 

1  1 .3034 

5 

CF.CICFHNO 

-FIO  (432) 

— 

'  — 

6 

1 

t:FCi2(:Ff;iN() 

1 

81.5 

1 .57') 

,  1 .3!I75 

i 

However,  this  mechanism  did  not  occur  in  the  gas  reactions  described.  In  actual  fact,  nitroso  compounds 
were  not  formed  even  after  prolonged  contact  (10  days)  in  a  gaseous  mixture  of  tctrafluoroctliylcne,  NO,  and  CU 
in  the  dark  at  room  temperature,  even  though  nitrosyl  chloride  was  obtained  in  a  considerable  amount.  These  ob¬ 
servations  Indicate  that  under  the  conditions  studied,  the  reaction  of  NO,  halogen,  and  poly  flu  oroethylene  proceeds 
by  a  radical  mechanism  with  the  reaction  begun  by  atomic  chlorine  formed  by  the  action  of  ultraviolet  light. 

Tlie  chloroalkyl  radical  thus  formed  combines  with  NO  to  give  the  nitroso  compound. 

In  mechanism,  the  reaction  described  is  similar  to  the  reaction  of  N2O3  with  fluoolefins  and  in  nature,  it 
Is  close  to  the  formation  of  nitrosocyclohexane  from  NO,  CI2,  and  cyclohexane  in  ultraviolet  light  [5], 

When  reduced  with  hydriodic  acid,  nitroso  compound  5  (table)  was  converted  into  the  chlorine-  and  fluorine - 
containing  ethylhydroxylamlne  CF2CICFHNHOH,  which  was  also  isolated  as  the  etherate.  Thus,  this  nitroso  com¬ 
pound  may  be  assigned  the  formula  CF2CICFHNO,  though  the  absence  of  a  tendency  to  rearrange  into  the  isonitroso 
form,  which  is  normal  for  nitroso  compounds  witli  a  a-hydrogen  atom,  has  no  analogy. 

It  seemed  interesting  to  investigate  the  behavior  of  these  nitroso  compounds  at  high  temperatures.  For  this 
purpose,  l,l,2,3-tetrafluoro-2-chloronitrosoethane  and  2-nitro-l,l,2,2-tetrafluoronitrosoethanc,  which  was  de¬ 
scribed  in  the  previous  work,  were  heated  in  a  steel  tube  under  pressure  to  120-130°.  In  both  cases  the  decomposi¬ 
tion  products  were  found  to  contain  the  corresponding  nitro  derivatives  CICF2CF2NO2  and  NO2CF2CF2NO2  and  also 
the  poly fluorina ted  Imines  CICF2CF2N  =  CFCFjCl  (I)  and  NO2CF2CF2N  =  CFCF2NO2  (II).  Tlie  structures  of  the  latter 


•The  mass  spectra  were  obtained  on  an  MS -2  spectrometer  with  an  electron  energy  of  40  ev. 
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were  c?tabli?!'.ed  from  the  nnaly.'is  datT  and  infrared  yfcrrra.  Thus,  together  with  the  frequencies  of  the  NO^  group, 
(H.cn  II)  tlic  pyrolysis  product  of  pcrfluoronitronitrosor'thane  (II)  showed  an  intense  band  characteristic  of  the  C  = 

=  N  bond  (h,r>G  ji).  Thus,  the  thermal  decomposition  of  the  polyflucrinatcd  nitrosoethanes  described  proceeds 
analogously  to  the  dcoompositicn  of  irichloronitrosomctiiane,  which  forms  CCI3NO2  and  CCl3N  =  CCl2  [6]. 

Tlie  mechanism  of  tliis  conversion  may  be  represented  by  a  scheme  of  radical  processes,  beginning  with  de¬ 
composition  of  the  nitroso  compound  at  tlie  C-NO  bond  and  the  addition  of  the  polyfluoroalkyl  radical  to  a  neigh¬ 
boring  nitroso  molecule.  Tlie  radical  of  the  dialkyloxy  nitrogen  type  formed  then  decomposes  in  the  reducing 
medium  created  by  the  excess  nitroso  compound  and  rnctal  walls  ot  the  vessel  similarly  to  the  homolytic  decom¬ 
position  of  pcrflnoroall.oxyl  radicals  nr  pcrfluoroalkyl  radicals  in  the  presence  of  nitrogen  oxides  [7,  8]. 

_*  ll^rCl'a.  +  NO 

ii/:f,.\o  ;  n/iFe*  — >  i(i;/nr2)2N'‘ •  ->  n/CFoNfOD^c.FR-i 

11  ^nr.NO 

-•  ’  iiyt;F--Nt:F2n,+ h,(:;f2N02  i  F- 

In  this  connection,  the  mass  spectra  of  the  nitroso  compounds  studied  are  interesting.  The  most  intense  Ion 
in  tliem  was  (m/c  hO,  lOOG't').  Tliis  indicates  that  the  decomposition  of  these  nitroso  compounds  actually  pro¬ 
ceeds  most  readily  at  the  C— NO  bond,  whicii  is  the  weakest.  Other  intense  ions  in  the  spectra  were  C2F2N''’(m/e 
76,  GO'y-'),  C2F4^(m/c  100,  19^c),  C2F4Cl^(w/c  135,  ]8.7®/<’)  forClCFjCFzNO  andCzF/fm/e  100, 24.2^0),  NOjfm/e 
46,  16. ‘■>'7'')  and  C2F2N^(m/e  76,  12^c')  for  NO2CF2CF2NO.  The  data  presented  agree  to  a  certain  extent  with  the 
mechanism  proposed  for  tlie  thermal  decomposition  of  the  nitroso  compounds. 

EXPGRIM.^NTAL 

1.  j^ncti^  of  CF2=CF2,  no,  and  CN  in  ultraviolet  light.  Preparation  of  l,l,2.2-tetrafluoro-2-chloronitro- 
^c^anm  An  evacuated  (residual  pressure  1  mm)  1.3-litcr  round -bottomed  flask  of  heat-resistant  glass  was  charged 
with  C2F.^,  Ntt,  and  CI2  in  a  ratio  of  l:l:i  by  volume  and  then  the  flask  was  irradiated  with  ultraviolet  light  (PRK- 
2  mercury-quartz  lamp)  at  room  temperature.  The  reaction  was  complete  after  15-18  hr.  llie  reaction  products 
were  pumped  out  info  a  trap,  cooled  with  liquid  air,  and  distilled  on  a  column  with  an  efficiency  of  100  theoret¬ 
ical  plates. 

Tlie  low -boiling  fractions  were  freed  from  nitrogen  oxides  by  bubbling  through  water  and  cone.  H2SO4.  We 
collected  13.5  g  of  tctrafluorochloronitrosoctliane  with  b.p.  -5®  (according  to  data  in  [4];  b.p,  -2®).  The  yield  of 
nitroso  compound  was  387o  on  C2F4. 

Found ‘7(':  C  14.9,  14.70;  N  8.31.  8.59;  F  45.30.  46.25;  Cl  21.66,  22.40.  M  171.0.  C2ONCIF4.  Calculated  *70: 

C  14.50;  N  8.46;  F  45.8;  Cl  21.4.  M  165.5. 

Together  with  this  substance,  from  the  reaction  products  we  isolated  2.5  g  of  symmetrical  tetrafluorodlchloro- 
ethane  with  b.p.  3.5®  (molecular  weight  170.5)  and  2-chloro-2,2,l,l-tetranuoronitroethane  with  b.p.  34*. 

2.  Reaction  of  CF2  =  CF2.  NO,  and  CU  without  irradiation.  A  6.75-liter  flask  was  ciiarged  with  NO,  CI2,  and 
C2F4  in  a  ratio  of  l:i  :1  and  then  the  flask  was  kept  in  the  dark  for  10  days.  The  products  were  pumped  out  and 
distilled  on  a  column.  Fractions  were  collected:  9.8  g  of  product  with  b.p.  78-77®  (molecular  weight  101.0,  tetra- 
fluoroetliylcne)  and  5.4  gef  nitrosoyl  culoride  with  b.p.  10-5®,  which  appeared  as  a  red-brown  liquid  tlut  froze  in 
carbon  dioxide  and  was  hydrolyzed  completely  by  water. 

3.  Pyrolysis  of  1,1.2,2-tetrafluoro- 1-chloronitrosocthane.  A  6.5-g  sample  of  C1CF2CF2NO  was  heated  at 

120-130®  for  4  hr  in  a  75-ml  metal  tube  and  then  the  products  were  pumped  out  into  a  trap,  cooled  with  liquid 
air,  and  fractionated  repeatedly.  We  isolated  2.2  g  of  a  fraction  with  b.p.  75*. 

d2o^'’  1.621,  np^®  1.3200. 

Found '7^';  C  17.47,  17.94;  N  5.41,  5.35;  F  50.95,  51,0;  Cl  25.87,  24.02. M  278.  ClCFzCFjN  =  CFCFjCl.  Cal¬ 
culated ‘y?;  C  18.06;  N  5.28;  F  50.02;  Cl  26.6.  M  266. 

Together  with  this  fraction,  the  reaction  mixture  yielded  1.5  g  of  6-chla:operfluoronltrosoethane  with  b.p. 
35-36®,  which  was  identical  with  that  described  in  [4]. 

4.  P^aolysis  of  2-nitro- 1,1,2, 2-tetrafluoronitrosocthane.  A  10-g  sample  of  the  nitronltroso  compound  was 
heated  at  120-130®  for  5  hr  in  a  40-ml  steel  tube. 
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Distillation  of  the  reaction  prodnets  yielded  5.r>  g  (oO’’.)  of  tetrafiuoieA.iiiULrixi;'.anc  witii  b,p.  oS-o')’’  (ac¬ 
cording  to  data  in  [1]:  b.p.  57- 59")  and  3  g  of  a  sub.^tance  with  b.p.  ed'  at  50  inm. 

da,”  1.719,  Hp”  1.3520. 

Found C  17.01,  16.80;  N  14.54.  14.33;  F  45.08,  45.80.  NOjCF^CFzN  =  CFCF2NO2.  Calculated ‘7c;  C  16.73; 

N  14.6;  F  46.4. 

5.  Reaction  of  NO,  CU,  and  CF2  =  CFC1  in  ultraviolet  light.  Preparation  of  1,2.2-trifluoro- 1 ,2-dichloronitro- 
soethanc.  A  13.15-litcr  flask  of  heat-resistant  glass  was  charged  with  CF2=CFC1,  CI2,  and  NO  in  a  ratio  of  1:^  ;1 
and  then  the  flask  was  irradiated  with  a  PRK-2  mercury- quartz  lamp  for  40  hr.  At  the  end  of  the  reaction,  the  mix¬ 
ture  was  distilled.  We  collected  11  g(357‘’)  of  dichlorctrifluoronitrosocthane  with  b.p.  36“  (-8“  at  125  mm),  which 
was  freed  from  nitrogen  oxides  by  bubbling  through  water  and  cone.  H2SO4  in  vacuum. 

Found ‘7c':  C  13.22.  13.30;  F  31.40,  30.70;  Cl  40.00.  40.07.  M  184.  C20NC12F3.  Calculated ‘7>>  C  13.48;  F 
31.3;  Cl  39.0  M  182. 

Repeated  distillation  of  the  high-boiling  fractions  yielded  6.3  g  of  trichlorctrifluorocthane  with  b.p.  4S“. 

6.  Reduction  of  1 ,2.2-trifluoro- 1 .2-dichloronitrosocthanc.  Preparation  of  difliiorochloroacctliydroxarny!  fluo¬ 
ride  c  the  rate.  With  stirring  ar.J  cooling  in  a  mixture  cf  ic:c  and  salt,  5  g  of  triflnorrciic  hloronitrosi'cthanc  was  added 
dropwise  to  a  mixture  of  8  g  of  technical  hydriodic  acid  and  25  ml  of  ether.  After  3ij-45  min,  the  reaction  mix¬ 
ture  was  treated  with  a  saturated  solution  of  sc'dium  hyposulfite  and  extracted  with  ctlicr;  the  ether  extract  was 
dried  with  baked  sodium  sulfate  and  vacuum  distilled. 

We  isolated  2.2  g  of  difluorochloroacethydro.vamyl  fluoride  etherate  with  b.p.  60'  at  145  mm. 

d2o”  1.231,  Up”  1.360 

Found  C  27.05;  H  3.03;  N  6.84;  F  30.9;  Cl  19.4.  C2H0NC1F3-2(C2H5)20.  Calculated  7o;  C  26.0;  H  3.25; 

N  7.60;  F  30.9;  Cl  19.15. 

7.  Reaction  of  CF2  =  CF2.  NO,  and  Br2  in  ultraviolet  light.  Preparation  of  l,l,2,2-tetrafluoro-2-bromonitro- 
socthane.  A  mixture  of  CF2  =  CF2.  NO,  and  Br2  in  a  ratio  of  1:1: was  irradiated  in  a  13-liter  flask.  After  15-20 
hr,  the  products  were  pumped  out  and  separated  by  fractionation.  The  nitroso  compotind  was  freed  from  nitrogen 
oxides  by  bubbling  through  water  and  cone.  H2SO4  in  vacuum.  We  obtained  17.5  g  ( hO'T"  on  C2F4)  of  nitroso  com¬ 
pound  with  b.p.  18°,  which  corresponds  to  literature  data  [4]. 

Found ‘7f:  C  12.05,  12.74;  N  7.01,  7.08;  F  36.61,  36.67.  M  185.  C20NF4Br.  Calculated ‘7'’:  C  11.4;  N  6.6; 

F  36.2.  M  210. 

The  high-boiling  residue  yielded  11.8  g  of  dibromotetrafluorocthanc  witli  b.p.  46’  and  40  g  of  6-bromo- 
tetrafluoronitroethane  with  b.p.  58"  [4]. 

8.  Reaction  of  CF2  =  CFC1.  NO,  and  Bt;  in  ultraviolet  light.  Preparation  of  1,2,2-trifluoro- l-chloro-2-bromo - 
nitrosoethane.  A  mixture  of  CF2=CFCl,  NO,  and  Btj  in  a  ratio  of  1:1:2  was  irradiated  in  a  13- 15-liter  flask  for 
30.35  hr.  Distillation  of  the  reaction  mixture  yielded  3.5  g  of  nitroso  compound  with  b.p.  10.5“  at  100  mm. 

Found ‘7<':  C  9.25.  9.99;  N  6.71,  6.52;  F  23.9,  23.5.  M  221.5.  C20NF3ClBr.  Calculated ‘7<’:  C  10.6;  N  6.18; 

F  25.15.  M  226.5. 

The  high-boiling  residue  yielded  6.3  g  of  1,2,2-trifluoro- 1-chloro- 1,2-dibromoethane  with  b.p.  96“. 

9.  Reduction  of  1.2,2-trifluoro- l-chloro-2-bromonitrosoethanc.  Preparation  of  difluorcbrornoaccthydrox- 
amyl  fluoride  etherate.  A  5-g  sample  of  the  nitroso  compound  was  reduced  with  8  g  of  hydriodic  acid  as  in  experi¬ 
ment  6.  We  obtained  2.5  g  (46*70)  of  difluorobromoacethydroxamyl  fluoride  etherate  with  b.p.  62.5“  at  100  mm. 

d2o”  1.5217.  Up”  1.3845 

Found ‘7o:  C  21.59,  21.32;  H  2.89,  3.01;  N  6.39,  6.57;  F  23.48,  23.75;  Br  34.89,  34.19;  OC2H5  18.26. 
C2H0NF3Br-2(C2H5)20.  Calculated  <70;  C  20.95;  H  2.62;  N  6.12;  F  24.83;  Br  34.92;  OCoHj  19.65. 

10.  Reaction  of  CF;=CFH.  NO,  and  Cly  in  ultraviolet  li\^ht.  Preparation  l,2,2-trifluoro-2-chloronitrosop 
ethane.  A  mixture  of  CF2=CFH,  NO,  and  CI2  in  a  ratio  of  1:1:1  in  a  13-15-liter  flask  was  irradiated  for  50  hr 
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with  a  PRK  2  mercury-quartz  lamp  and  then  the  reaction  mixture  was  pumped  out  and  distilled  on  a  column  with 
an  efficiency  of  lon  theoretical  plates.  We  isolated  4.8  gofnitroso  compound  with  b.p.  10’  at  432  rnrri. 

Found  C  10.33.  16.00;  11  1.13,  1.26;  N  9.83,  9.74;  F  38.2;  Cl  23.6.  C2NONF5CI.  Calculated ‘7o:  C  16.27; 

H  0.67;  N  9.30;  F  38.6;  Cl  24.1. 

11.  Reduction  of  1 .2.2-trinuoro-2-chloronitrosoethaTie  with  hydriodic  acid.  A  5.0 -g  sample  of  the  nitroso 
compound  was  reduced  by  the  procedure  described  above.  We  obtained  0.8  g  of  product  with  b.p.  36-38*  at  50 
mm. 

djo*®  1.3504.  np^”  1.3735. 

Found  %  C  25.70,  25.24;  H  3.83.  3.30;  N  7.70.  7.89;  F  29.94;  Cl  20.79;  OCjHs  13.28.  C2H30NF8Cl-i(C2H5)20. 
Calculated  <70:  C  26.0;  H  4.35;  N  7.6;  F  30.9;  Cl  19.2;  OCjHs  12.2. 

12.  Reaction  of  symm-difliiorodichlorccthylcnc  with  nitrosyl  chloride  in  the  liquid  phase.  Preparation  of 
1,2-dinuoro- 1.2.2 -trichloronitrosoethane.  A  mixture  of  35  g  of  nitrosyl  chloride  and  75  g  of  symm-dlchlorodl- 
fluoroetliylene  was  kept  at  room  temperature  in  two  glass  ampoules  for  8  days.  Distillation  of  the  reaction  products 
yielded  13  g  of  dark  blue  liquid  with  b.p.  81.5*. 

Found ‘7c:  C  13.23,  13.22;  F  18.97;  M  187.4.  CjONFjClj.  Calculated ‘yc;  C  12.09;  F  19.15.  M  198.4. 

SUMMARY 

1.  It  was  shown  that  the  reaction  of  polyPuorinated  olefins  such  as  tetrafluoro-,  trifluorochloro-,  and  trt- 
fluoroetiiylene  with  a  mixture  of  NO+CU  or  NO+Br2  in  the  gas  p'uise  under  irradiation  from  a  mercury- quartz  lamp 
forms  the  corresponding  0-chloro(or  bromo)  nitrosoalkanes.  No  reaction  occurs  without  irradiation. 

2.  Reduction  of  the  nitroso  compounds  obtained  from  trifluorochloroetliylene  yielded  the  corresfionding  chloro- 
difluoro-  and  bromodiflucroaccthydroxamyl  fluorides,  which  indicated  addition  of  the  halogen  in  the  reaction  of 
NO,  nal2.  and  olefin  to  the  CF2  group  of  the  latter. 

3.  Pyrolysis  of  the  nitroso  compounds  ClCFjCFjNO  and  NO2CF2CF2NO  at  120-130*  yielded  the  polyfluorinated 
ethylenimines  ClCF2Cp2N  =  CFCF2CI  and  NO2CF2CF2N  -  CFCF2N02.  respectively. 

4.  The  infrared  and  mass  spectroscopic  characteristics  of  the  nitroso  compounds  obtained  are  given. 
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We  know  of  only  two  papers  <in  the  reduction  of  glyoxylic  acid.  In  one  of  them  [11.  it  was  only  reported 
that  glyoxylic  acid  is  reduced  on  a  mercury  dropping  electrode  and  no  concrete  data  on  the  nature  of  the  reduc¬ 
tion,  half-wave  potential,  etc.  were  given.  Tire  second  paper  [2]  was  mainly  devoted  to  the  reduction  of  oxalic 
acid  on  a  mercury  dropping  electrode.  It  also  contained  some  data  on  a  polarographic  investigation  of  glyoxylic 
acid  in  a  base  electrolyte  of  KCl  with  HCl  and  KOH  added.  In  particular,  it  was  shown  that  in  acid  solutions 
(KCltHCl),  Li  of  glyoxylic  acid  changes  with  a  change  in  pH  and  a  second  wave  appears  at  pH  4.3.  for  which 
El  =  1.320  relative  to  a  normal  calomel  electrode,  and  the  first  wave  disappears.  Among  other  derivatives  simi¬ 
lar  to  glyoxylic  acid,  only  phenylglyoxylic  acid  has  been  studied  polarographically  [3]. 

EXPERIMENTAL 

Glyoxylic  acid  was  prepared  by  electrolytic  reduction  of  oxalic  acid*  . 

(Vxalic  acid  is  normally  reduced  to  glyoxylic  acid  on  a  lead -silver  or  mercury  catliodc  in  the  presence  of 
sulfuric  acid.  This  niethinJ  has  been  described  in  the  literature  [4].  However,  the  mercury  electrode  may  be  re¬ 
placed  by  a  lead  elcctrotlc.  Tire  anode  may  be  the  lead  vessel  itself  ( 1.5  liter),  which  is  charged  witii  a  mixture 
of  acids  (50  g  of  oxalic  acid  and  50  g/litcr  of  sulfiuric  acid).  The  anode  space  was  separated  from  the  cathotle 
space  by  a  porous  fireclay  diaphragm.  Tlie  cathode  was  a  lead  plate,  immersed  in  h*?!’  H2SO4  solution.  Tlie  re¬ 
duction  of  oxalic  acid  was  carried  out  for  10  hr  at  a  current  strength  of  5  amp  and  a  potential  of  5  v.  Reduction 
under  these  conditions  normally  yielded  a  glyoxylic  acid  solution  with  an  average  strength  of  3'’/*. 

In  tlie  electrolytic  preparation,  the  electrolyte  may  contain  oxalic,  sulfuric,  and  glycolic  acids  in  addition 
to  glyoxylic  acid.  Glycolic  acid  is  formed  by  further  reduction  of  glyoxylic  acid.  Attempts  to  isolate  glyoxylic 
acid  from  this  mixture  of  acids  by  the  procedure  described  in  the  literature  [5]  were  unsuccessful  as  glyoxylic 
acid  and  its  salts  decomposed  on  heating  to  form  glycolic  and  oxalic  acids  or  their  salts  [6].  As  a  result,  we 
modified  this  method. 

Tlie  mixture  of  acids  obtained  was  treated  with  excess  calcium  carbonate.  Only  calcium  glyoxylate  re¬ 
mained  in  solution.  The  solution  obtained  was  filtered  through  paper  to  remove  the  precipitate  of  calcium  salts 
and  an  equal  amount  of  alcohol  added  to  it  to  precipitate  calcium  glyoxylate.  This  salt  was  recrystallized  re¬ 
peatedly  from  alcohol  and  dissolved  in  water.  For  isolation  of  free  glyoxylic  acid,  the  solution  obtained  was 
passed  through  an  lon-exchange  column  with  cationite,  500  mm  high  and  10  mm  in  diameter;  the  solution  flowed 
from  the  column  at  0.3  ml  per  min.  The  cationite  used  was  espatit  in  the  H  form.  The  acid  was  collected  in 
fractions  and  each  fraction  was  checked  to  ensure  that  calcium  ions  and  traces  of  other  acids  (sulfuric  and  oxalic) 
were  absent.  The  fractions  were  combined. 

The  glyoxylic  acid  solution  obtained  gave  characteristic  reactions  for  an  aldehyde  group  (witli  Schiff’s 
reagent  and  also  an  aqueous  solution  of  indole)  and  an  acid  (action  on  an  indicator). 


•The  autliors  arc  very  grateful  to  V.  P.  Polyakov  for  providing  the  means  of  preparing  glyoxylic  acid. 


Fig.  1.  Polarograms  of  glyoxylic 
acid  in  a  base  electrolyte  of  0.05 
N  (C2H5)4N0H.  Glyoxylic  acid 
concentration  (mole/liter):  1)1.12, 
2)2.19,  3)3.22,  4)4.22. 


The  concentration  of  purified  glyoxylic  acid  was  deter¬ 
mined  iodometrically  p]  and  equalled  0.1075  M. 

Polarographic  investigation  of  glyoxylic  acid 

Tlie  polarographic  measurements  were  made  with  an  FG-8 
polarograph  with  a  mercury  dropping  electrode  that  had  the  follow 
ing  characteristics:  m  =  0.954  mg/sec,  t  -5.5  sec  (at  E  =  0),  m*/8> 
T  V6=  1.237  m  gVs  sec  V2.  The  galvanometer  sensitivity  was 
3*10'^  amp. 

The  base  elcctrol>tes  for  polarography  were  1  N  MgClj, 
0.05  N  (C2H5)4N0H,  and  buffer  solutions,  which  were  prepared 
by  the  method  described  by  Britton  [8]. 

In  the  acid  region,  we  used  Walpole’s  buffer  solutions.  In 
the  medium  pH  region,  Kolthoff  and  Palich’s  buffer  solutions, 
and  in  the  alkaline  region,  Sorensen,  Kolthoff,  and  Ringer's 
buffer  solutions.  In  addition,  we  repeated  the  experiments  of 


Fig.  2.  Polarograms  of  glyoxylic  acid  (c=  18  mmole/litcr)  in  base 
electrolytes  of  buffer  solutions  with  different  pH  values.  pH  values: 
1)2.05,  2)3.75,  3)4.65,  4)5.75,  5)6.65,  6)7.2,  7)7.9.  8)8.3. 


C.  M.  Florianovich  [2]  in  solutions  of  KCl+HCl  (+KOH).  The  half-wave  potentials  were  measured  against  a  satura¬ 
ted  calomel  electrode.  As  the  polarographic  results  showed, glyoxylic  acid  is  reduced  on  a  mercury  dropping  elec¬ 
trode  in  a  base  electrolyte  of  0.05  N  (C2H5I4NOH  and  in  buffer  mixtures  with  various  pH  values. 


Fig.  3.  pH  dependence  of  the  limit¬ 
ing  current  (Ij)  of  glyoxylic  acid. 


Fig.  4.  pH  dependence  of  the  half-wave 
potentials  (E| )  of  glyoxylic  acid. 

Figure  1  gives  curves  obtained  in  the  study  of  glyoxylic 
acid  solutions  in  a  base  electrolyte  of  0.05  N  (C2H6)4NOH  and 
Fig.  2,  in  base  electrolytes  of  buffer  solutions.  As  these  figures 
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show,  at  ,1  iilvoyylio  -Tcid  conrenrrAnon  ot  0.018  M,  a  cialvanon’otcr  sensitivity  of  l/oO,  and  ‘20“,  polarograpitic 
waves  of  glyoxylic  arid  were  observed  and  these  were  particularly  well  expressed  in  alkaline  solutions. 


Fig.  b.  Polarogranis  of  glyoxylic  acid  in  a  base 
electrolyte  of  0,1  N  Kcri  witli  additiotis  of  0.1 
N  HCl  and  0.1  N  KOfi.  Glyoxylic  aci  i  concen¬ 
tration  c  -  f.  t  mmolc/litrr;  11  without  MCI  added 
(pH  iS.fi):  2)  0.07  ml  HCl  (pH  4.9);  3)  0.2  ml 
HCl  ( pH  3.9).  Glyoxylic  acid  conrentxation 
c=0.88  mmolc/liter;  4)  without  KOH  added;  3) 

O.Ofi  ml  KOH;  r.)  0.22  ml  KOH. 

of  glyoxylic  acid  reduction  with  a  change  in  solution  pH. 


Fig.  fi.  Calibration  lines  of 
glyoxylic  aciil  in  a  base  elec 
trol)to  of  buffer  solutions.  1) 
pH  12,  17“.  2)  pH  a.'Tu  3S“. 

At  lower  glyoxylic  acid  concentrations  in  acid 
and  neutral  solutions,  a  diffusion  current  of  glyoxylic 
acid  reduction  did  not  appear  on  the  polarograms. 

Figure  3  shows  the  change  in  the  limiting  current 


One  wave  was  observed  (at  pH  2.03,  E,  -  -0.42  v)  in  strongly  acid  buffer  solutions.  A  second  wave  appeared, 
beginning  with  pH  3. .3  (at  pH  3.7.3,  E*i  =  -0.'52v  and  E^i  =  -0.70  v).  With  a  furtlier  increase  in  pH,  both  waves 
were  retained  up  to  pH  5.7.3,  when  the  height  of  the  first  wave  gradually  fell  and  at  pH  5.75,  this  wave  disappeared 
completely,  while  the  height  of  the  second  wave  increased.  At  pH  5.7,  a  third  wave  appeared  (E^i  =  -  1.05  v)with 
the  gradual  disappearance  of  the  second.  At  pH  7.2.  the  second  wave  disappeared  completely  and  there  remained 
only  one  wave,  whose  Ei,  value  changed  little  with  a  change  in  the  pH  of  the  buffer  solution  (at  pH  7.9,  E^^  = 

=  -1.12  V  and  at  pH  12.  Ei  -  -1.22  v). 

Figure  4  gives  the  pH  dependence  of  E*  of  glyoxylic  acid. 

The  nature  of  the  change  in  the  polarographic  waves  in  a 
solution  of  KCl  <  HCl  (or  <  KOH)  is  presented  in  Fig.  5,  which 
shows  that  these  results  are  close  to  those  obtained  in  [2]. 

As  has  been  pointed  out  already,  the  height  of  the  polaro¬ 
graphic  waves  of  glyoxylic  acid  depends  strongly  on  pH  and 
temperature. 

Figure  6  gives  the  relation  between  the  diffusion  current 
and  the  glyoxylic  acid  concentration  at  various  base  electrolyte 
pH  values  and  at  various  temperatures.  As  this  figure  shows,  the 
slope  of  the  calibration  line  at  high  pH  values  is  higher  than  at 
low  values. 

Figure  7  gives  the  relation  of  log  to  l/T  for  different 
polarographic  conditions  and  this  is  represented  by  straight  lines 
with  different  slopes,  depending  on  the  pH  of  the  base  electrolyte. 

RESULTS 

As  the  experimental  data  presented  show,  the  carbonyl  group  in  glyoxylic  acid  is  reduced  at  more  positive 
potentials  than  in  the  case  of  aliphatic  aldehydes  and  this  is  connected  with  the  lower  electron  density  at  the 


Fig.  7.  Relation  of  log  to  1/T.  pH  values: 
1)3.7.  2)  3.7,  3)9.42,  4)10.7. 
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carbonyl  group  of  glyoxylic  acid  due  to  its  conjugation  with  the  electronegative  CO  group  of  the  carboxyl. 

As  a  result  of  this,  the  positive  charge  of  the  carbonyl  carbon  atom  in  the  glyoxylic  acid  molecule  is  some¬ 
what  greater  than  with  other  aldehydes  (in  the  latter,  the  positive  induction  effect  of  the  alkyl  groups  reduces  the 
positive  charge):  therefore,  even  such  a  weak  nucleophilic  reagent  as  water  can  react  readily  with  the  carbonyl 
group  of  glyoxylic  acid. 

In  actual  fact,  there  are  reports  in  the  literature  that  glyoxylic  acid  is  hydrated  (bound  to  one  water  mole¬ 
cule)  in  aqueous  solution  [2]  and  in  this  connection,  it  has  been  assigned  the  structure  of  dihydroxyacetic  acid 
CftfOlOzCOOH. 

This  state  of  glyoxylic  acid  in  aqueous  solution  has  a  corresponding  effect  on  its  polarographic  behavior  at 
a  dropping  mercury  cathode.  There  is:a)  a  very  low  diffusion  current  (the  value  of  n,  i.e.,  the  num.ber  of  electrons 
involved  in  tlie  reduction  of  one  glyoxylic  acid  molecule,  calculated  from  the  Ilkovic  equation,  is  very  small); 
b)  a  strong  temperature  dependence  of  the  wave  height;  c)  an  increase  in  the  wave  height  in  alkaline  solutions. 

These  phenomena  are  explained  by  the  fact  that  as  in  other  cases  (formaldehyde  [10-13],  monochloroacet- 
aldchydc  [14],  etc.),  in  an  aqueous  solution  of  glyoxylic  acid  there  is  an  equilibrium  between  its  hydrate  and 
aldehyde  forms.  The  unhydrated  molecules,  of  which  there  are  very  few  in  acid,  neutral,  and  weakly  alkaline 
solutions  at  normal  temperature,  undergo  reduction.  With  a  rise  in  temperature,  the  equilibrium  is  displaced  to¬ 
ward  the  unhydrated  form,  there  is  an  increase  in  the  number  of  unhydrated  glyoxylic  acid  molecules  undergoing 
reduction,  and  the  limiting  current  on  the  polarograms  increases.  Thus,  the  current  has  a  kinetic  character  and 
may  be  represented  by  the  equation 

.  -  ^  ,  Q  ^ 

/ 4  —  A  or  Ig  /rf  —  /I  “-  2  *  'P  * 

in  which  Q  is  the  activation  energy  of  the  given  reaction. 

As  this  equation  shows,  there  should  be  a  linear  relation  between  log  I ,  and  l/T  and  as  Fig.  7  shows,  this 
is  actually  the  case.  From  the  slopes  of  the  lines  in  the  coordinates  log  1^  — l/T  for  various  pH  values,  we  deter¬ 
mined  the  activation  energy  of  dehydration  of  glyoxylic  acid  molecules.  The  results  of  these  determinations  are 
given  in  the  table. 


Activation  Energies  0  of  Glyoxylic  Acid  Dehydration  at  Various  pH  Values 


1 

pH  1  3.7 

H.7 

9.42 

10.7 

Q  (kcal/mole  ) 

1G900 

I'iSOO 

i 

10700 

10500 

The  fall  in  the  activation  energy  with  a  change  to  an  alkaline  solution  is  apparently  connected,  on  the  one 
hand,  with  a  substantial  change  in  the  state  of  the  glyoxylic  acid  molecules,  namely,  with  their  complete  ioniza¬ 
tion,  which  substantially  affects  the  electronic  state  of  the  separate  groups. 

Tlie  appearance  of  an  effective  negative  charge  on  one  of  the  oxygens  of  the  carboxyl  group  leads  to  a 
fall  in  the  attraction  of  elections  from  the  aldehyde  carbonyl  group.  Thus,  in  this  case  the  electrophilic  properties 
of  the  carbonyl  group  carbon  are  reduced  and  the  hydration  of  such  a  molecule  is  more  difficult  than  in  an  acid 
solution. 

Tliis  type  of  change  in  the  strte  of  glyoxylic  acid  molecules  (reduction  in  the  electrophilic  properties  of 
the  carbonyl  group)  also  affects  the  reduction  potential:  Beginning  with  pH  3.7,  in  buffer  solutions  there  appears 
a  second  wave  at  more  negative  potentials  (Fig.  2).  On  the  other  hand,  the  appearance  of  the  third  wave  is  also 
connected  with  a  change  in  the  state  of  the  carbonyl  group  and  also  with  a  corresponding  change  in  the  reduction 
mechanism  at  very  low  hydrogen  ion  concentrations. 

Thus,  the  waves  observed  correspond  to  the  following  reactions: 


2399 


o 


First  wave: 


Second  wave; 


Third  wave: 


C-C 

/  \ 

H  OH 

O  O 

^  /' 

c-c 

/  \ 

H  0- 


-f  2n^  +  2f- 


+  2H*  4-  2e- 


IIO 

ll-C-O 


H 


OH 

0 


HO 

\ 

H-C-C 

\ 

'  ()- 


H 


O 


O 


0 


HO 

^  \  -• 

C-C  4-2e-4  2H20-*>  H-C-C  4-20H- 


H 


O- 


11 


0- 


From  the  schemes  presented  it  is  clear  that  hydrogen  ions  participate  in  the  electrode  reactions  correspond¬ 
ing  to  the  first  and  second  waves  so  that  Ei  depends  on  the  pH;  with  tlie  first  wave,  Et  changes  by  76  nw  per  pH 
unit  and  with  the  second  wave,  by  70  mv. 

As  Fig.  1  shows,  with  the  third  wave  tliere  is  also  a  slight  change  in  Ei  with  pH  (~25  mv  per  pH  unit),  which 
apparently  results  from  a  change  in  the  state  of  t’le  glyexylic  acid  rnolecnU-  with  a  change  in  pli.  In  tliis  case  it 
may  be  assumed  that  there  is  a  reaction  of  the  electrophilic  carbon  atom  of  the  carbonyl  group,  which  bears  a 
certain  positive  charge,  with  tlie  negative  ions  OH  so  that  the  elcctri'piii licit)  of  liiis  catboii  is  somewhat  reduced 
with  an  increase  in  the  OH  ion  concentration,  i.e,,  with  an  increase  in  pH,  which  also  leads  to  some  hindrance  to 
the  reduction  of  the  carbonyl  group. 

In  unbuffered  (or  weakly  buffered)  solutions,  Et  of  the  second  wave  (it  evidently  corresponded  to  our  third 
wave)  was  found  to  be  constant  by  G.  M.  Florianovich  [2], 

We  also  obtained  an  analogous  result  with  a  base  electrolyte  of  KCl  f  HCl  (or  KOH),  which  was  used  in  the 
work  in  [2],  This  is  most  probably  explained  by  the  fact  that  the  electrode  reaction  involving  H"^  leads  to  a  sharp 
change  in  pH  in  the  layer  at  tlie  electrode  in  unbuffered  solutions  and  in  actual  fact,  the  whole  of  the  process 
occurs  in  an  alkaline  medium.  The  absence  of  a  more  positive  wave,  corresponding  to  the  beginning  of  reduction 
in  an  acid  medium  (as  has  often  been  reported  in  investigation  of  other  substances  in  unbuffered  solutions),  is 
connected  with  the  fact  that  I  in  an  acid  medium  is  considerably  less  than  1  in  an  alkaline  medium  and  therefore 
the  first  and  second  waves  may  not  actually  be  noticed  with  normal  heights  of  the  third  wave. 

Tlie  increase  in  the  limiting  current,  beginning  with  pH>  6  and  appearing  especially  in  the  alkaline  region, 
is  also  connected,  on  the  one  hand,  with  tlie  change  in  the  electrophilic  properties  of  the  C  =  0  group,  which  leads 
to  a  fall  in  the  dehydration  energy  of  glyoxylic  acid  molecules  with  an  increase  in  pH,  and,  on  the  other  hand, 
with  the  fact  tliat,  as  in  otlier  cases  [12-14],  OH'  ions  catalyze  the  dehydration  of  glyoxylic  acid  molecules. 

As  these  two  factors  operate  simultaneously,  the  examination  of  this  process  is  a  much  more  complicated 
problem  than  in  the  case  of  formaldehyde  [10-12]  and  requires  additional  investigations. 

SUMMARY 


1.  The  polarographic  behavior  of  glyoxylic  acid  on  a  mercury  dropping  electrode  was  investigated;  it  was 
shown  that  the  acid  is  reduced  both  in  buffered  and  unbuffered  solutions. 


2.  It  was  shown  that  one  wave  is  observed  in  strongly  acid  buffer  solutions;  a  second  wave  appears,  beginn¬ 
ing  with  pH  3.5.  With  a  further  increase  in  pH,  the  height  of  the  first  wave  falls  and  the  wave  disappears  complete¬ 
ly  at  pH  5,  while  the  second  wave  grows.  A  third  wave  appears  at  pH  5.7  with  the  gradual  disappearance  of  the 
second  (it  disappears  completely  at  pH  7.2).  The  remaining  third  wave  has  a  Ei  value  which  changes  little  with 
an  increase  in  the  pH  of  the  buffer  solutions. 

3.  It  was  shown  that  the  height  of  the  glyoxylic  acid  wave  depends  strongly  on  pH. 

4.  It  was  established  that  tlie  limiting  current  obtained  during  the  reduction  of  glyoxylic  acid  depends 
strongly  on  temperature. 

5.  From  the  temperature  dependence  of  the  limiting  current,  we  calculated  the  activation  energies  of  gly¬ 
oxylic  acid  dehydration;  they  decreased  from  acid  to  alkaline  solutions. 
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6.  It  was  shown  that  there  is  a  relation  between  the  state  of  glyoxylic  acid  molecules  in  solution  and  their 
polarographic  behavior. 
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Until  now,  internal  complex  compounds  have  been  studied  mainly  from  the  point  of  view  of  their  possible 
use  for  the  separation  and  quantitative  determination  of  cations.  However,  many  data  have  been  accumulated, 
indicating  that  many  substances  among  internal  complex  compounds  have  a  strong  physiological  action.  Thus, 
copper  hydroxyquinolinate  is  known  to  be  an  effective  fungicide  [1],  but  in  large  doses  it  also  harms  the  plant 
[2],  In  some  cases,  internal  complex  compounds  behave  as  bacteriostatic  agents  (see,  for  example,  [3]).  Many 
cases  of  physiological  activity  of  internal  complex  compounds  may  be  found  in  reviews  [4,  5];  however,  up  to 
now,  no  attempts  have  been  made  to  study  this  class  of  compounds  as  insecticides.  This  problem  is  very  important 
as  most  insects  gradually  adapt  themselves  to  various  poisons  so  that  there  is  a  decrease  in  the  toxicity  of  the 
insecticide  toward  the  given  form  of  insect  or  there  appear  resistant  strains  of  insects  on  which  the  given  insecticide 
has  no  action. 

We  started  from  the  hypothesis  that  metallocyclic  compounds,  being  practically  insoluble  in  water  and 
readily  soluble  in  organic  materials,  would  penetrate  readily  tltrough  the  chitin  envelope  of  insects  and  having 
entered  the  organism,  would  affect  the  cytochrome  (respiratory  enzyme),  which  itself  is  a  metallocyclic  com¬ 
pound.  Tests  of  compounds  of  this  class  demonstrated  the  accuracy  of  our  premises.  For  example,  the  copper  com¬ 
plex  of  the  methylimine  of  2-methylheptan-4-on-6'al  (MGU-22),  which  was  obtained  by  formylation  of  methyl 
isobutyl  ketone  with  subsequent  treatment  with  methylamine  and  copper  hydroxide,  was  found  to  be  an  effective 
contact  poison  against  house  flies  [6], 

We  undertook  the  synthesis  of  copper  internal  complex  compounds  from  alkylaminomethylene  ketones  for 
finding  the  most  effective  preparation  of  this  class. 
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Ketones  were  first  condensed  with  ethyl  formate  of  methyl  formate  by  Claisen’s  method.  The  sodium  salts 
of  the  hydroxymethylene  ketones  were  dried  carefully  and  used  for  the  subsequent  stages  without  furtlier  piuifica- 
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tion.  The  reaction  proceeded  best  v.-ith  acetone  and  methyl  ethyl  ketone.  With  an  increase  in  ilie  hydrocarbon 
chain  of  the  radical,  the  yields  of  the  corrcs}X)nding  sodium  salts  fell  appreciably  (from  RO-82  to  50-60*7'"). 

Tlie  synthesis  of  copper  complexes  of  amino  ketones  from  the  sodium  salts  of  hydroxymethylene  ketones 
was  tiic.n  achieved  '•>%’  two  inctiu'Js;  either  directly  in  one  stage  from  the  sodium  salt  of  the  hydroxyl  ketone  by 
reaction  with  an  amine  and  copper  liydroxide  (mcthtxi  A)  or  with  isolation  in  a  pure’form  of  the  intermediate 
alkylaminomcthyicnc  ketones,  which  then  reacted  with  cop(x;r  hydroxide  to  form  internal  complex  copper  salts 
(mctliod  B). 

Metlnxl  A  was  simpler  and  niore  convenient;  liowevet,  as  many  alkylaminomethylene  ketones  have  not 
been  descritied  in  the  literature,  we  isolated  them  in  a  pure  state.  In  addition,  for  control  and  comparison,  it  was 
.advantageous  to  prepare  the  copper  detivafives  of  alkylaininonicthylcne  ketones  from  tlic  amino  ketones  them¬ 
selves.  .Snh^tanecs  of  the  same  degree  of  purity  were  obtained  in  the  two  cases  (A  and  B)  and  the  yields  of  copper 
complexes  (calculated  on  the  'odinni  salt  of  the  hydroxvmcthyleric  ketone)  were  practically  identical  (sec  Table 
1). 

Tlie  alkylaminomethylene  ketones  were  high-boiling,  oily,  yellow'  liquids  with  a  sharp,  unpleasant  odor. 
When  vacuum  distilled,  methyl  and  cthylaminomethylcnc.acetonc  decomposed,  while  the  higher  alkylamino- 
mcthvlcne  ketones  distilled  without  decomposition.  The  simplest  alkylaminomethylene  ketones  dissolved  with 
difficulty  in  ether,  benzene,  and  chloroform,  but  the  solubility  in  organic  solvents  increased  with  the  higher 
alkylaminomethylene  ketones.  All  the  compounds  of  this  type  prepared  showed  higher  alkylaminomethylene  ke¬ 
tones.  All  the,  compounds  of  this  type  prepared  showed  high  exaltation  of  the  molecular  refraction  (up  to  4.5  units), 
as  has  alrcadv  been  rcpoitcd  [7], 

Tne  Clipper  internal  complex  compounds  of  alkylaminomethylene  ketones  were  obtained  in  yields  of  43  to 
96'’/  ,  depending  on  the  str\ietnrc.  In  most  eases  they  were  black-green,  volatile,  cily  liquids  (or  more  rarely  crys¬ 
tals):  some  ol  them  distilled  in  vacuum  without  decomposition;  they  were  readily  soluble  in  all  organic  solvents 
and  insolulde  in  water,  but  on  prolonged  standing  in  a  moist  atmosphere,  they  were  slowly  hydroly^ed  with  the 
liberation  of  cop|x:r  hydrovide.  With  an  increase  in  the  size  of  the  radical  at  tlie  nitrogen  atom  the  stability  of 
the  copper  eomplcxes  decreased.  Table  2  gives  the  properties*  and  yields  of  the  compounds  of  this  type  prepared. 

In  addition  to  copper  complexes  of  alkylaminomethylene  ketones  obtained  from  6-keto  aldehydes,  we 
synthesized  analogous  compounds  from  B-diketones  by  the  same  scheme  (see  Tables  I  and  2). 


_n'  .j.  ciu 

li  -  il  '  II  I 

()  O  ()  Mill" 


O  N-ll" 
\/ 

(ln/2 


In  these  compounds,  the  introduction  of  tire  additional  hydrocarbon  radical  into  the  molecule  of  the  copper 
complex  sharply  reduced  the  insecticide  properties  and  all  the  compounds  of  this  type(MGU-67,  MGU-68,  MGU- 
86,  etc.)  showed  an  insignificant  activity  against  house  flies.  Preparations  of  the  internal  complex  type  containing 
copper  but  no  nitrogen  were  found  to  be  inactive.  For  example,  copper  acetylacetonate  (MGU-54)  had  no  insect¬ 
icidal  properties.  The  acciylacctonatcsof  the  following  other  metals  were  also  inactive:  sodium  (MGU- 53),  cobalt 
(MGU-63),  nickel  (MGU  02).  Some  activity  against  house  flies  was  shown  by  iron  acetylacetonate  (MGU-43)  and 
another  organo-iron  compound,  ferrocene  (MGU -61). 


Thus,  copper  complexes  of  methylamino-  and  cthylaminonicthylcne  ketones  like  MGU-22,  32,  132,  and 
190  were  most  interesting  as  insecticides.  The  nature  of  their  toxic  action  differed  fundamentally  [6]  from  that 
of  DDT  and  in  accordance  with  this,  the  preparation  MGU-22,  for  example,  w-as  an  effective  poison  for  DDT-resist- 
ant  flies  [8]. 


EXPERIMENTAL 


Sx'nthcsis  of  so'.liim  salts  of  hydroxymethylene  ketones.  Into  a  three-necked  flask,  fitted  with  a  powerful 
stirrer,  reflux  condenser  with  a  calcium  chloride  tube,  and  a  dropping  funnel,  were  placed  300  ml  of  absolute 
ctlicr**and  23  g  (1  mole)  of  finely  cut  metallic  sodium.  Then  with  vigorous  stirring  and  cooling,  a  mixture  of  1 

*A11  the  compounds  we  prepared  were  tc.stcd  for  insecticidal  activity  in  the  Entomology  Department  of  Moscow 
State  University  by  E.  Kli.  Zolotarev  et  al.  [6,  8]. 

**  In  thesynthesis  of  the  sodium  salt  of  hydroxymethyleneisopropyl  acetone,  it  was  necessary  to  take  800  ml  of 
ctlicr. 
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TABLE  1.  Constants  of  Alkylaminomethylene  Ketones  RCOCH  =  QR*)  NHR 
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Literature  data  [7]:  b.p.  63  —  64“  (4  mm),  n^"  1.5427,  d4  0.9543. 


TABLE  2 .  Properties  of  Copper  Derivatives  of  Alkylaminomethylene  Ketones 
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Data  for  a 


mole  of  ethyl  forin.Ttc  nivi  1  mole  of  ketone  in  hV'.  nil  of  ether  ,id'!od  in  ?ina!l  porrien^  The  rc.ietion  m.i.cr. 
evolvot]  heat  and  i^radnally  deposited  a  ycllo'.v'  precipitate.  The  rate  of  addition  of  the  nn>.tnro  was  adjusted 
that  the,  ether  boiled  gently.  After  1-2  hr,  the  reaction  mixture  thickened  and  then  the  precipitate  was  collected 
by  filtration,  washed  with  ether,  and  dried  in  air  to  remove  ether  and  then  in  a  vacuum  desiccator  over  sulfuric 
acid. 

Preparation  of  alkylaminomcthylene  kctono^^fnnii  B  -diketones.  Into  a  rotind -bottomed  flask,  fitted  with  a 
reflux  condenser  and  a  tube  passing  to  the  bottom  of  the  flask,  was  placed  I  mole  of  diketone  and  dry.  gaseous 
methylaminc  (  1  mole)  slowly  passed  into  the  flask.  With  higher- molecular  amines,  the  latter  were  cooled  and 
added  dropwisc  to  the  diketone  (the  reaction  flask  was  immersed  in  a  cooling  mixture).  The  alkylaminomethylene 
ketone  formed  was  separated  from  tlie  aqueous  layer,  dried  with  potassium  carbonate,  and  vacuum  distilled. 

Preparation  of  alkylaminomethylene  ketones  from  sodium  salts  of  hydroxymethylene  ketones.  In  a  thick- 
walled.  round -bottomed  flask  were  placed  1  mole  of  sodium  salt  of  hydroxymethylene.  ketone.  1  mole  of  baked 
sodium  sulfate,  and  1  mole  of  alkylaminc  hydrochloride.  The  flask  was  closed  and  shaken  vigorously  for  some 
time  and  then  the  dry  ma-^s  liquified.  Tn  t!ic  reaction  of  the  sodium  salt  of  hydroxymcthylencacctonc  with  alkyl- 
amine  hydrochlorides,  the  mixture  became  liquid  aiier  20-30  min  and  in  the  preparation  of  the  other  alkylamino- 
methylene  ketones,  only  after  2-3  hr  of  vigorous  shaking.  The  liciuid  re.action  mass  was  left  for  2  hr  at  room  temper- 
atiue  and  then  a  reflux  condenser  connccrcd  and  the  mirturc  heated  on  a  water  ’•'.atli  for  .30-40  rnin.  "nte  alkyl 
aminomethylcnc  ketone  formed  was  filtered  free  from  inorganic  salts  and  the  precipitate  carefully  pressed  out 
and  washed  with  ether  or  acetone.  Tne  acetone  'olution  was  added  to  rlic  filtrare  and  the  mixture  dried  with  po¬ 
tassium  carbonate;  after  removal  of  the  solvent,  the  residue  was  vacuum  distilled.  Redistillation  yielded  pure  amino- 
methylene  ketones,  wliose  constants  arc  given  in  Table  1. 

Preparation  of  copper  derivatives  of  alkylaminometliylcne  ketones.  Into  a  round -bottomed  flask,  fitted  with 
a  stirrer  and  reflux  conden.scr,  were  placed  1  mole  of  alkylaminomethylene  ketone  and  0.6  mole  of  freshly  pre¬ 
pared  copper  hydroxide  and  the  reaction  mixture  stirred  vigorously.  After  30-40  min,  the  mixture  itself  evolved 
heat  and  became  homogeneous;  when  the  spontaneous  evolution  of  heat  ceased,  the  mi.xture  was  heated  on  a  water 
bath  for  1  hr  and  then  left  overnight.  Tlie  reaction  protiuct  was  extracted  with  ether,  the  ether  dried  with  potassium 
carbonate,  the  etlicr  removed,  and  the  residue  recrystalli7.cd  from  acetone. 

Preparation  of  copper  derivatives  of  mcthylaminomcthylenc  ketones  from  sodium  salts  of  hydroxymethylene 
ketones  ['.>1.  Into  a  thick-wallcd,  round -bottomed  flask  were  placed  1  mole  of  the  dry  sodium  salt  of  the  hydroxy¬ 
methylene  ketone,  l.n.3  mole  of  alkylaminc  hydrochloride,  and  0.5.5  mole  of  copper  hydroxide.  The  flask  was 
carefully  closed  and  the  mixture  shaken  vigorously,  when  it  gradually  evolved  heat,  became  liquid,  and  then 
solidified  as  a  homogeneous  mass.  Tlie  subsequent  treatment  was  as  described  above.  Table  2  gives  the  properties 
and  yields  of  the  copper  derivatives  of  aminomcthylenc  ketones.  Tlie  nitrogen  in  the  compounds  synthesiz.ed  was 
determined  by  the  Kjcldahl  method.  Tlie  copper  was  determined  in  the  following  way;  Tlie  internal  complex  com¬ 
pounds  of  copix;r  were  decomposed  with  acetic  acid,  the  copper  precipitated  as  the  hydroxyquinolinatc,  and  the 
metal  determined  cither  volumetrically  or  gravimetrically.  Titration  was  difficult  without  precipitation  of  the 
hydroxyquinolinatc. 

SUMMARY 

1.  The  synthesis  of  a  new  class  of  contact  insecticides,  which  are  internal  complex  compounds,  is  described. 

2.  Internal  copper  complex  compounds  of  alkylaminomethylene  ketones  are  most  effective. 
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E,  S.  Golovchinskaya  described  the  synthesis  and  chemical  properties  of  8-caffelnealdehyde  [1].  She  obtain 
ed  it  in  yield  by  hydrolysis  of  8-dichloromethylcaffeine. 

Wc  synthesized  8-caffeinealdehyde  (1)  by  oxidation  of  8-hydroxymethylcaffeine  with  selenium  dioxide  by 
heating  the  components  to  145-160®.  The  aldehytle  yield  was  80®/o. 


rn__N — ce 


CM, 


CH.,— N — CO 


f:()  c— N 


.CM, 


CMa-N- 


^C-CMoOU 


— ^  CO  c-n/"  ^  .0 

I  11  >C-C^ 

Cllg-N — G-N^  MI 

(1) 


When  heated  with  selenium  dioxide  under  the  same  conditions  (150-160*),  8-caffeinealdehyde  changed 
little;  heating  to  225®  yielded  a  complex  mixture  from  which  it  was  impossible  to  isolate  8-caffeinecarboxylic 
acid. 


An  attempt  to  prepare  8-caffeinealdehyde  from  8-methylcaffeine  was  unsuccessful.  The  oxidation  of  8- 
methylcaffeine  by  selenium  dioxide  was  accompanied  by  considerable  evolution  of  heat  (the  temperature  rose 
from  1 16  to  225°).  It  was  possible  to  extract  8-caffeinealdehyde  from  the  reaction  products  in  only  a  very  small 
amount  (3.  l^p).  The  aldehyde  was  identified  as  the  Schiffs  base  (anil)  [1]. 

Continuing  previous  work  on  the  synthesis  of  esters  of  8-methylcaffeinephosphinic  acid  [2]  (obtained  by  the 
Arbuzov  reaction  with  8-chloromethylcaffeinc  and  trialkylphosphites),  we  investigated  the  condensation  of  8-caf¬ 
fe  inea  Id  eh  yaJe  with  dialkylphosphorous  acids. 

By  the  reaction  of  V.  S.  Abramov  [3],  we  were  able  to  prepare  the  dimethyl,  diethyl,  dipropyl,  diisopropyl, 
dibutyl,  and  diisobutyl  esters  of  a-hydroxy-8-methylcaffeinephosphinic  acid  (II). 


CM,-N — CO 


I  I  /CH3 

CO  c-n;  .0 

I  II  ^C-Cv 


CMg-N — C-N 
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H0P(0R)2 


RONa 


CHg-N — CO 

I  I  /CH3 

CO  C-N< 

I  II  \c-cn-P(OR)2 

CHg-N — C-N^  I  II 

(11)  OH  6 


Condensation  occurred  when  alcohol  solutions  of  the  sodium  alcoholates  were  added  and  was  accompanied 
by  the  evolution  of  heat.  In  most  experiments,  the  reaction  was  completed  by  heating  to  95®.  The  esters  obtained 
were  colorless,  crystalline  substances.- With  an  Increase  in  the  molecular  weight  of  the  ester  radical  of  the  phos- 
phinic  acid,  crystallization  of  the  esters  became  more  difficult.  Their  solubility  in  water  also  fell  in  the  same 
series. 
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Reaction  of  S-Caffeinealdehyde  with  Dialkylphosphorous  Acids  and  Characteristics  of  the  a-iiydroxy-8-methylcaffeine- 
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The  yields  of  the  diethyl,  dibutyl,  and  diisobutyl  esters  were  lower  than  those  of  the  other  esters  due  to  the 
formation  of  by-products. 

The  results  of  investigating  the  reactions  of  8-raffeinealdehyde  with  dialkylphosphorous  acids  and  the  char¬ 
acteristics  of  the  esters  of  a-hydroxy-R-methylcaffeincphosphinic  acid  synthesized  are  given  in  the  table. 

EX  PERIMEN  TAL 

8-Caffeinea Idehyde.  A  carefully  ground  mixture  of  8.75  g  of  8-hydroxymethylcaffeine*  (m.p.  224*)  and 
2.fi  g  of  selenium  dioxide  was  heated  in  an  Erlenmeycr  tiask  on  a  metal  bath  (Wood’s  alloy).  Tne  oxidation  began 
at  95*  (thermometer  in  reaction  mixture)  with  a  sharp  rise  in  temperature  to  145*.  For  completion  of  the  reaction 
the  mixture  was  heated  to  160®  for  5  min.  The  solid  product  was  dissolved  in  hot  chloroform  and  separated  from 
the  black  selenium  (1.4  g).  The  solution  was  heated  with  activated  charcoal;  washing  the  charcoal  three  times 
with  hot  chloroform  and  removal  of  the  solvent  yielded  7.0  g  of  aldehyde  as  light  yellow  crystals  with  m.p. 

164  -165*.  After  a  second  heating  with  charcoal,  the  product  formed  almost  colorless  crystals  with  m.p.  166*.  A 
mixed  melting  point  with  authentic  aldehyde*  was  not  depressed  (m.p.  166-167*). 

Esters  of  a-hydroxy-8-methylcaffelnephosphinlc  acid.  To  a  mixture  of  8-caffelnealdehyde  and  dialkylphos¬ 
phorous  acid  was  added  0. 1-0.2  ml  of  a  saturated  alcohol  solution  of  sodium  alcoholate.  The  reaction  was  carried 
out  with  careful  stirring  (with  the  thermometer  in  a  closed  tube)  of  the  mixture  and  was  accompanied  by  a  rise 
in  temperature.  For  completion  of  the  reaction,  the  mixture  was  carefully  heated  to  95*.  The  reaction  products 
were  thick  liquids,  which  crystallized  rapidly  in  the  case  of  the  methyl  and  ethyl  esters;  the  other  esters  crystal¬ 
lized  after  standing  for  various  times. 

The  methyl,  ethyl,  and  diiscbutyl  esters  were  recrystallized  from  the  amorphous  by-products  of  the  reac¬ 
tion  by  precipitation  of  them  from  toluene  solution  with  dry  ether;  they  crystallized  after  evaporation  of  the  diethyl 
ether.  Tlie  dipropyl  and  diisopropyl  esters  were  heated  with  active  charcoal  in  chloroform  solution  and  were  re¬ 
crystallized  after  evaporation  of  the  solvent.  The  esters  were  recrystallized  from  light  ligroin  for  analysis. 

Tire  methyl,  ethyl,  and  diisopropyl  esters  dissolved  in  cold  water  and  the  other  esters  dissolved  In  water  on 
heating;  they  dissolved  in  alcohol,  ether,  chloroform,  and  toluene  and  with  difficulty  in  light  ligroin. 

SUMMARY 

1.  8-Caffeinealdehyde  was  obtained  in  almost  quantitative  yield  by  oxidation  of  8-hydroxymethylcaffelne 
with  selenium  dioxide. 

2.  The  reaction  of  8-caffeine  aldehyde  with  dialkylphosphorous  acids  in  the  presence  of  sodium  alcoholates 
as  catalysts  was  studied.  Esters  of  a-hydroxy-8-methylcaffeinephosphinic  acid  were  synthesized. 
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LETTERS  TO  THE  EDITOR 


ORDER  OF  ADDITION  OF  WATER  AND  ALCOHOLS 
TO  VINYL  ACETYLENES 

A.  A.  Petrov  and  B.  S.  Kupin 

Lcnsovet  Leningrad  Technological  Institute 

Translated  from  Zlnirnal  Obshchei  Khimii.  Vol.  30,  No.  7,  pp.  2430, 
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Original  article  submitted  March  9.  lORO 

Tlie  order  of  addition  of  water  under  the  conditions  of  the  Kiiehcrov  reaction  and  of  alcohols  in  tlie  presence 
of  KOH  to  vinylalkylacetylenes  (I)  is  tiic  same  and  agrees  well  with  the  tlieory  of  electron  displacements  [1].  At 
the  same  time,  tlie  addition  of  water  to  isopropenylalkylacetylenes  (II)  [2]  and  also  to  vinylisopropenylacetylene 
(III)  f3]  is  not  in  accordance  with  the  polarization  which  might  have  been  assumed  for  these  hydrocarbons. 

Tlie  anomalous  addition  of  water  to  (II)  and  (III)  may  be  explained  by  steric  hindrance  in  the  formation  of 
the  intermediate  mercury  complex  if  it  is  assumed  that  the  reaction  has  an  electrophilic  character  in  the  first 
stage  (the  radical  at  C3  interferes  with  the  approach  of  mercury  to  C2). 

TH, 

R~C  =  C-CH  =  CH,  R’-C  =  C-C  =  CH2 

t  2  J  ♦  1  Z  3  If 

HO-H  H-OH 

(I)  (ID 

For  confirmation  of  this  hypothesis,  it  was  necessary  to  show  that  the  order  of  addition  of  nucleophilic  rea¬ 
gents  in  the  absence  of  heavy  metal  catalysts,  for  example,  the  addition  of  methanol  in  the  presence  of  KOH, 
corresponds  to  the  general  rule. 

As  a  result  of  experiments  on  the  addition  of  metiianol  to  isopropenylmethylacetylcnc  in  the  presence  of 
KOH,  we  obtained  a  diene  enol  ether  with  b.p.  67-72*  ( 100  mm),  d4^  0.8442,  n^j^  1.4580. 

Found 'V-  :  C  74.25.  74.13;  H  10.35,  10.72.  CtHjjO.  Calculated  *70;  C  75.00;  H  10.71. 

Infrared  spectrum;  793  (s),  875  (s),  955  (med),  980  (w),  1080  (s),  1149  (med),  1175  (s),  1202  (s),  1257  (s), 
1315 (s).  1336  (s),  1377  (s),  1388  (s).  1448(s),  1463(s),  1575(s).  1620(s).  1654(s),  1689(med),  cm'*. 

Hydrolytic  cleavage  of  the  ether  with  dilute  sulfuric  acid  yielded  mesityl  oxide,  which  did  not  contain  any 
ethyl  isopropenyl  ketone. 

B.  p.  128-131*.  d/  0.8597,  n^”  1.4398. 

Infrared  spectrum:  820  (med),  897  (med).  965  (s).  1017  (med). 1070  (med),  1165  (s),  1218  (s),  1261  (med), 
1357  (s).  1376  (s),  1446  (s),  1620  (s).  1692  (s),  cm'*. 

The  2,4-dinitrophenylhydrazone  had  m.p.  200*  (from  alcohol). 

Hydrogenation  of  the  mesityl  oxide  obtained  over  Pd/CaCOs  yielded  methyl  isobutyl  ketone,  which  was 
identical  with  authentic  methyl  isobutyl  ketone  as  regards  constants,  infrared  spectrum  and  melting  point  of  2,4- 
dinitrophenylhydrazone.  Thus,  it  was  established  that  the  order  of  nucleophilic  addition  of  alcohol  to  isopropenyl- 
methylacetylene  differs  from  the  order  of  addition  of  water  under  the  conditions  of  the  Kuchcrov  reaction,  which 
confirms  the  above  hypothesis  on  the  mechanism  of  this  reaction  and  the  reasons  for  the  anomalous  addition  of 
water  to  (II)  and  (III). 


TH, 

CH2-=CH-C3C-C  =  CH, 
f  2  J  « 
H-OH 
(111) 
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A  new  form  of  polymerization  was  discovered  recently  and  tliis  consists  of  intramolecular  ring  closure  of 
isolated  dienes  [1]  with  the  simultaneous  intcrmolecular  growth  of  the  chain.  It  seemed  interesting  to  study  the 
possibility  of  such  cyclic  polymerization  of  substituted  divinyl  ketones.  Tlie  synthesis  and  various  conversions  of 
these  dienones,  especially  to  cyclopcntenones,  have  been  the  subject  of  many  investigations  by  I.  N.  Nazarov 
et  al.  [2].  ^ 

By  polymerization  of  2-methyl- 1.4-hexadien-3-one  (I)  in  the  presence  of  1  mol.®7<’  of  benzoyl  peroxide, 
we  obtained  a  white  powdery  polymer  (m.p.  Hh-LSO")  (II),  which  dissolved  readily  in  organic  solvents. 

Found  •Y'’;  C  76.26,  76.00;  H  9.29,  9.50.  Calculated ‘7o;  C  76.32;  H  9.14. 

The  characteristic  viscosity  in  benzene  equalled  0.11.  Ozonization  and  bromination  of  polymer  (II)  indica¬ 
ted  about  257''  of  unsaturation,  calculated  on  two  double  bonds  in  the  monomer  (1007'').  Hydrolysis  of  the  poly¬ 
mer  ozonide  (m.p.  165-170°  with  dccomp.)  formed  acetic  acid  (formic  acid  was  not  detected  by  the  calomel 
method)  and  a  polyacid,  which  was  partly  soluble  in  water.  Titration  of  the  polyacid  with  0.5  N  alkali  solution 
also  showed  tliat  the  polymer  unit  was  formed  from  two  molecules  of  monomer  (I).  Apparently,  there  was  simul¬ 
taneous  cyclopolymerization  of  one  molecule  and  vinyl  polymerization  of  a  second  molecule  of  monomer  (I)  at 
the  isopropenyl  group. 


o 

-  0 

II 

II 

C  CII3 

C  CH3  CIH 

/\l 

/\l  1  ■ 

—CM  C— CIH-C- 

II  -  1 

CH  C 

II  II 

cn  VAU 

Cll-CIla  Cirri') 

1  1 

I 

(;h3 

1  1 

CH,  CH 

II 

CH 

1 

n) 

(ID 

This  polymerization  mechanism  is  evidently  explained  by  steric  difficulties  in  the  direct  formation  of  a 
polymer  chain  by  cyclopentane  rings. 

The  infrared  spectrum  of  polymer  (II)  contained  an  intense  band  of  the  carbonyl  group  of  the  cyclopentane 
ring  (  1737  cm'^)  and  also  the  frequencies  of  a  conjugated  double  bond  (1624  cm  ^)  and  a  carbonyl  group  (1690 
cm**).  By  comparing  the  infrared  spectra  of  monomer  (I)  and  polymer  (II),  we  determined  the  degree  of  unsatura¬ 
tion,  which  was  almost  exactly  a  factor  of  4  less  (257j)  in  polymer  (II). 
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2, 5- Dimethyl -1.4-hexadien-.3-one  was  polymerized  analogously.  The  polymerization  of  substituted  divlnyl 
ketones  is  being  studied. 
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Compounds  of  the  type  RN(CH2CH2C1)2.  where  R  represents  various  radicals  (aliphatic,  aromatic,  aliphatic- 
aromatic,  etc.)  are  widely  known  and  have  been  spthesized  in  large  numbers.  However,  little  attention  has  been 
paid  to  the  acylation  of  N-di-(chloroethyl)-amides  and  published  artlicles  have  been  limited  to  the  synthesis  and 
Investigation  of  N-di-(chloroethyl)-amides  of  some  aliphatic  and  aromatic  acids  [1]. 

In  connection  with  our  previous  work  [2],  we  undertook  the  synthesis  of  a  series  of  N  di-(chlorocthyl)-amides 
of  aliphatic  amino  acids  and  their  peptides  to  study  their  biological  action.  We  began  with  work  on  the  sim-> 
plest  representatives  of  this  class.  In  the  search  for  a  method  of  preparing  these  compounds,  we  tried  various 
methods  of  protecting  the  amino  group  in  the  acids  and  aminolyzing  the  carboxyl  group.  The  following  prepara¬ 
tion  method  was  developed:  fir^t,  either  esters  of  N-tritylglycine,  (C5H5)3C“NH-CH2COOR (methyl,  ethyl,  and 
nitrophenyl),  or  the  acid  chloride  of  N-phthalylglycine  were  treated  with  diethanolamine  to  give  the  correspond¬ 
ing  N-di-(hydroxyethyl)-amide  and  then  the  trityl(with  75*7'’  acetic  acid)  or  phthalyl  (with  hydrazine  hydrate) 
group  was  removed.  The  final  stage  consisted  of  the  action  of  thionyl  chloride  on  the  N-di-(hydroxyethyl)-amide 
hydrochlorides.  We  obtained  the  N-di-(hydroxyethyl)-amides  of  the  following  amino  acid  derivatives;  N-trityl¬ 
glycine,  N-trityl-a-alanine,  N-phthalylglycine.  N-phthalyl-ot-alanine,  and  N-phthalyl-B -alanine.  We  deter¬ 
mined  the  infrared  absorption  spectra  of  all  the  compounds  given  and  they  contained  an  absorption  band,  char¬ 
acteristic  of  the  amide  bond. 

The  action  of  thionyl  chloride  on  the  N-di-(hydroxyethyl) -amide  of  glycine  hydrochloride  yielded  the 
hydrochloride  of  the  corresponding  N-di-(chloroethyl)-amide. 

N-Tritylglycine  N* -di-(hydroxyethyl)-amide  had  m.p.  127-128“;  it  was  soluble  in  alcohol,  difficultly  solu¬ 
ble  in  benzene,  and  insoluble  in  water.  The  infrared  spectrum  contained  the  absorption  band  of  an  amide  bond 
( 1623  cm*  *). 

Found  C  74.08;  H  7.02;  N  7.05.  C25H28O3N2.  Calculated  c  74.23;  H  6,97;  N  6.92. 

N- Phthalylglycine  N’-di-(hydroxethyl)-amide  had  m.p.  156-158“;  it  was  soluble  in  alcohol  and  water.  The 
Infrared  spectrum  had  the  absorption  band  of  an  amide  bond  (1629  cm''). 

Found  ^0:  c  57.37;  H  5.47;  N  9.38.  Ci4Hi905N2.  Calculated  ‘7'':  C  57.52;  H  5.51;  N  9.58. 

Glycine- N-di-(chloroethyl)-amide  hydrochloride  had  m.p.  154-155*  (decomp.);  it  was  soluble  in  water 
and  alcohol. 

Found ‘7(':  C  30.25;  H  5.36;  N  11.95;  Cl  44.88.  C6Hi20N2Cl2*HCl.  Calculated ‘7o;  C  30.59;  H  5.56;  N  11.85; 

Cl  45.15. 
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SIMILARITY  IN  CUCMICAL  STRUCTURO  AND  BIOLOGICAL  ACTIVITY 
OF  RIBONUCLEASn  AND  INCREPAN 


S.  V.  Andreev,  R.  P.  Evstigneeva,  A.  M.  Mirzabekov,  N.  P.  Speranskaya, 
and  N.  A.  Preobrazhenskii 

Moscow  Institute  of  Fine  Chemical  Technology  and  Institute  of  Pharmacology 
and  Chemotherapy,  Academy  of  Medical  Sciences  of  the  USSR 
Translated  from  Zhnrnal  Obshchei  Khirnii,  Vol.  no,  Nn.  7,  p.  2inn. 

July,  1060 

Original  article  submitted  April  27,  1060 


The  preparation  iperepan,  which  is  isolated  from  the  pancreas  of  cattle  [1],  has  a  prolonged  hypotensive 
action  when  administered  to  animals  intravenously  or  perorally  [2,  3].  Increpan  also  lowers  the  arterial  pressure 
in  hypertonic  patients. 

Tlie  protein  fraction  obtained  from  increpan  after  removal  of  the  nucleic  acids  by  the  method  of  Spirin 
and  Belozerskii  was  found  to  be  identical  with  ribonucleasc  in  amino  acid  composition  (determined  by  a  combined 
method  of  paper  electrophoresis  and  chromatography)  and  infrared  and  ultraviolet  spectra. 

In  this  connection,  the  biological  activity  of  ribonuclcase  in  this  direction  was  tested.  In  preliminary  experi¬ 
ments  on  acute  cases  in  cats,  ribonuclcase  was  found  to  have  a  more  intense  hypotensive  action  than  increpan  and 
its  protein  fraction.  It  may  be  conjectured  that  ribonuclcase  is  an  important  biochemical  factor  controlling  the 
level  of  the  arterial  pressure  in  man  and  animals. 
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SYNTHrSlS  OF  \'-(n  8  -Ti:TRAACr:TYLGI,UCOrYRANOSYL)-INDOLE 
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Indole  derivatives  play  a  substantial  role  in  tlie  pathogenesis  of  leucoses  [1],  In  this  connection,  the  prepara¬ 
tion  of  various  indolyl  glucosidcs  and  the  study  of  their  biological  activity  are  of  great  interest. 

We  prepared  N-(D- S -tctraacctylglucopyranosyl)-indole  (III)  according  to  the  following  scheme: 


Reaction  of  indolinc  (I)  with  glucose  and  subsequent  acetylation  with  acetic  anhydride  in  pyridine  formed 
N-(D-fl -tetraacetylglucopyranosyl)  indoliue  (II)  in  60‘y<’  yield. 

M.p.  117.8-1 18.5“  (from  alcohol).  folp^Vl  1.7"  (CgHc,  c  6);  [a]p”+ 1 1.3*  (CHCI3,  c  6).  Ultraviolet  spectrum 
(in  alcohol):  ^max  (^8^  d.07);  205  mp  (Igc  3.32)  rJ  0.04 (n-heptane-6 -phenoxyethanol). 

Found  C  59.12;  H  6.25;  N  3.35;  CH3CO  38.2.  CzjH^^OcN.  Calculated  *70;  C  58.79;  H  6.05;  N  3.12; 

CU3CO  38.3. 

Substance  (II)  was  also  obtained  by  the  reaction  of  indoline  (I)  with  a- tetraacetylglucopyranosyl  bromide, 
with  a-pcntaacetylglucopyranosc,  and  with  6-pcntaacetylglucopyranose  (OO-OO'?'’  yield).  The  generally  adopted 
mechanism  of  nucleophilic  substitution  in  carbohydrates  makes  it  possible  to  assign  a  6  configuration  to  com¬ 
pound  (II)  [2].  Hydrolysis  of  compound  (II)  with  5^o  acetic  acid  led  to  indoline  (I)  and  2,3,4,6-tetraacetylgluco- 
pyranose,  which  was  isolated  as  a-pentaacetylglucopyranose. 

Dehydrogenation  of  compound  (II)  with  chloranil  [3]  (heating  0.01  mole  of  substance  (II),  0.01  mole  of 
chloranil,  and  40  ml  of  anhydrous  xylene  for  6  hr)  gave  N-(D-0-tetraacetylglucopyranosyl)-indole  (III).  The 
yield  of  pure  substance  was  20-25'7f. 

M.p.  148,5-149.5“  (from  alcohol);  158.5-159"  (from  ligroin).  Wlien  heated,  the  form  with  m.p.  148.5- 
149.5*  changed  to  the  form  with  m.p.  158.5-159*.  The  infrared  spectra  of  the  two  forms  (solid  substances  in 
vaseline  oil)  were  the  same. 

Ultraviolet  spectrum:  288  mp  (Igc  3.48);  264  mp  (Igc  3.38);  222  mp  (lg€  4.46).  [ajjj® 

-  18.6*.  (CfiHe,  3.5);  1.7  (CHCI3,  c  6). 
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Found  '7’:  C  .'SP.05;  H  N  T.OS;  niaCO  Cnlc;;l-Ucd  C  riO.o.S;  If  N  .'M--!; 

CM3CO  PF.'. 

Ehrlich's  reagent  gave  a  yellow  color  with  compouni!  (II)  and  a  red  color  with  compound  (III).  The  deactyla- 
tion  of  substance  (III)  and  the  properties  and  also  phosphorylation  of  N-(D-glucosyl)- indole  are  being  studied. 
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CYCLOPROPYLMESITYLENE  AND  p  -  C  YC  LO  PRO  P  Y  LC  U  M  EN  E 


R.  Ya.  Levina,  V.  N.  Kostin,  P.  A.  Gembltskii,  S.  M.  Shostakovskil, 
and  E.  G.  Treshchova 
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Original  article  submitted  May  11,  1960 

It  is  known  [1,2]  that  conjugation  of  the  three- membered  carbon  ring  with  the  benzene  ring  in  the  mole¬ 
cule  of  cyclopropylbenzene  (phenylcyclopropane)  causes  an  increase  in  the  intensity  of  some  of  the  lines  char¬ 
acteristic  of  the  benzene  ring  in  the  Raman  spectrum  in  comparison  with  the  spectra  of  benzene  and  alkylbenzenes. 

In  the  present  work,  we  synthesized  and  studied  the  physical  properties,  including  the  Raman  spectra,  of 
p-cyclopropylcumene  and  cyclopropylmesitylene  (tiiey  have  not  been  described  in  the  literature). 

The  presence  of  the  isopropyl  group  in  the  position  para  to  the  three -membered  ring  in  the  molecule  of 
p-cyclopronylcumcnc  leads  to  an  increase  in  the  electron  density  in  the  benzene  ring  and  hence  an  increase  in 
its  conjugation  with  the  three -membered  ring,  which  is  reflected  in  the  Raman  spectrum  of  this  hydrocarbon.  We 
observed  this  phenomenon  previously  in  studying  the  Raman  spectrum  of  p-cyclopropyltoluene  [1,3]. 

In  the  cyclopropylmesitylene  molecule,  the  two  methyl  groups  ortho  to  the  three -membered  ring  create 
steric  hindrance  [4]  so  that  the  cyclopropyl  group  cannot  occupy  a  position  favorable  to  conjugation. 

The  experimental  data  obtained  confirmed  what  has  been  stated:  The  intensity  of  the  line  at  ~1600  cm  * 
(line  of  the  asymmetric  valence  vibration  of  the  benzene  ring  C  =  C  bond)  in  the  spectrum  of  cyclopropylmesitylene 
was  close  to  the  value  in  the  spectrum  of  mesitylene  itself,  while  tlie  intensities  of  this  line  in  the  spectra  of 
cyclopropylbenzene,  cyclopropyltolucne,  and  cyclopropylcumene  were  considerably  higher  than  in  the  spectra  of 
benzene,  toluene,  and  cumene,  respectively  (see  table). 

Thus,  judging  by  the  frequency  ~1600  cm  *  (the  intensity  of  this  is  affected  most  strongly  by  conjugation 
of  the  benzene  ring  with  the  three -membered  ring  [1,3,5]),  there  is  practically  no  conjugation  in  cyclopropyl- 
mesitylenc. 

p-Cyclopropylcumene  (obtained  by  catalytic  decomposition  of  the  corresponding  pyrazoline)  had  the  follow¬ 
ing  constants  after  distillation  on  a  column  (40  theoretical  plates): 

b.p.  90*  (5  mm),  n^^D  1.5180.  df  0.9168,  MRj;,  52.89.  CizHig  P3A.  Calculated  52.52.  Ai/ :  390(122),  460 
(60).  642  (213).  769  (583).  793-833  (356).  895  (710),  958  (100).  1020  (358),  1042-1056  (350),  1104  (180),  1190 
(300).  1222  (900),  1308  (285).  1364  (545).  1434-1460  (512).  1613  (1585)  cm**. 

Cyclopropylmesitylene  was  synthesized  by  two  methods:  catalytic  decomposition  of  3-p-mesitylenepyrazo- 
line  and  methylenation  [6]  of  vinylmesitylene.  After  the  usual  treatment  and  distillation  on  a  column  (80  theoret¬ 
ical  plates),  the  two  cyclopropylmesitylene  preparations  had  the  same  constants; 

b.p,  103’  (9  mm),  97“  (6  mm),  1,5250,  d^”  0.9315,  MR^  52.70.  CizHigfsA.  Calculated  52.52.  At/: 

238  (292),  382  (200),  474  ( 112  double),  516  (130  broad).  567-676  (860doubie).  674  (107),  901(260),  958(215), 
1056(150  broad  ),  1181  (160),  1219-1241  (170),  1296-1320(350).  1355(350),  1379(560),  1427(260),  MOO- 
MOO  (325),  1612(532)  cm'*. 
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Line  Intensities  in  the  Region  of  ~ir>00  cm  *  in 
the  Spectra  of  Benzenes  and  Cyclopropylbenzenes 
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DISCUSSION 


PHYSICOCHEMICAL  INVESTIGATION  OF  THE  BINARY  SYSTEM 
HYDRAZINE  -  ACETIC  ACID 

V.  I.  Semishin 
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An  article  by  I.  M.  Bokhovkin,  entitled  "Physicochemical  Investigation  of  the  Binary  System  Hydrazine- 
Acetic  Acid"  was  published  recently  in  the  Journal  of  General  Chemistry  [1].  On  p.  1793,  the  author  wrote:  "There 
are  comparatively  few  data  in  the  literature  on  the  physicochemical  analysis  of  binary  salts  formed  by  hydrazine 
and  organic  acids,  "quoting  Vol.  6  of  tlie  Technical  Reference  Encyclopedia  [in  Russian],  published  in  1931.  On 
p.  1794,  it  was  stated  that  "tiie  literature  contains  no  data  on  the  melting  point  of  the  system  hydrazine— acetic 
acid." 

I.  M.  Bokhovkin  was  "unable  to  investigate  tire  fusion  of  this  system  due  to  the  low  freezing  points  of  the 
solutions"  and  he  studied  t!ie  density,  viscosity,  surface  tension,  and  specific  electrical  conductivity  of  this  system. 

It  should  be  pointed  out,  first  of  all,  that  I.  M.  Bokhovkin  was  apparently  unaware  of  my  six  published 
communications  on  the  physicochemical  investigation  of  15  binary  systems  of  hydrazine  with  various  organic  com¬ 
ponents  ( Zhur.  Obshchei  Khim.,  1938-1944).  He  was  unfamiliar  with  the  monograph  of  Audrieth  and  Ogg,  "The 
Chemistry  of  Hydrazine"  (Russian  translation,  IL,  Moscow,  1954),  in  which,  in  addition  to  references  to  my  work, 
there  are  many  references  to  work  of  foreign  scientists. 

1  was  the  first  to  study  the  acetic  acid -hydrazine  system  by  thermal  analysis  and  the  results  were  published 
[2],  I  was  also  the  first  to  sttidy  the  specific  gravity  and  viscosity  of  this  system  [3]. 
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The  aurhors  of  [1]  stated  that  they  were  able  to  prepare  3-mcthylpcntan-4-on- 1 -ol  by  condensation  of 
a-methylacctoacetic  c^ter  with  ethylene  oxide  in  an  alcohol  solution  of  sodium  ethylate. 

Considerably  earlier,  it  was  shown  in  our  laboratory  that  the  condensation  of  a-methylacetoacetic  ester 
with  ethylene  oxide  yields  a-methylbutyrolactone  [2].  It  was  later  reported  that  3-methylpcntan-4-on- l-ol  may 
be  obtained  from  a-acetobutyroiactone  by  another  method  [3], 

The  authors  of  the  article  cited  [1]  were  only  able  to  obtain  3-methyllinalool  as  the  final  product  because 
the  reaction  of  o-methylbutyrolactone  with  methylmagnesium  iodide  evidently  led  (see  scheme)  to  the  same 
2,3-dlmcthylpcntan-2,5-diol,  which  the  authors  were  supposed  to  have  obtained  from  3-methylpentan-4-on- l-ol. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

GosenergoIzdat 

Goskhimlzdat 

GOST 

GTTI 

IL 

ISN  (Izd,  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEIIZhT 

LET 

LETI 

LETIIZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nil  ZVUKSZAPIOI 

NIKR 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNlEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEl 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  In:t. 

State  Sci. -Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci.- Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  PreSs 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci. -Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electiical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 

Scientific  Research  Inst,  of  Sound  Recording 

Sci.  Inst,  of  Modem  Motion  Picture  Photography 

United  Sci. -Tech.  Press 

Division  of  Technical  Information 

Div.  Tech.  Sci. 

Construction  Press 
Association  of  Power  Engineers 
Central  Research  Ir^i.  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab.“  Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Metrology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Tbeimotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


Note:  Abbreviations  not  on  this  list  and  not  explained  in  the  translation  have  been  transliterated,  no  fdrdier 
information  about  their  significance  being  available  to  us.  —  Publisher. 
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